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Gro,  demand 

Of  mighty  Nature,  if  *twa8  ever  meant 
That  we  should  pry  far  off  and  be  unraised, 
That  we  should  pore,  and  dwindle  as  we  pore^ 
Viewing  all  objects  unremittingly 
In  disconnexion  dead  and  spiritless ; 
And  still  dividing,  and  dividing  still. 
Break  down  all  grandeur,  still  unsatisfied 
"With  the  perverse  aitempt,  while  littleness 
May  yet  become  more  little;  waging  thus 
An  impious  warfare  'gainst  the  very  life 
Of  our  own  souls. 

Wordsworth.    Excurtum^  B.  iv. 
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THE 
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HISTORY  OF  ELECTRICITY. 


B2 


Parva  metn  primo ;  mox  sese  extollit  in  auras, 
Ingrediturque  solo,  et  caput  inter  nubila  condit. 

JEh,  iv.  17(^. 


A  timid  breath  at  first,  a  transient  touch, 
How  soon  it  swells  from  little  into  much  ! 
Runs  o*er  the  ground,  and  springs  into  the  air, 
And  fills  the  tempests  gloom,  the  lightning's  glare ; 
Wliile  denser  darkness  than  the  central  storm 
Conceals  the  secrets  of  its  inward  form. 


t)ER  the  title  of  Mechanico-Chemical  Sciences, 
I  include  the  laws  of  Magnetism,  Electricity,  Gal- 
vanism, and  the  other  classes  of  phenomena  closely 
related  to  these,  as  Thermo-electricity.  This  gronp 
of  subjects  forms  a  curious  and  interesting-  portion 
of  our  physical  knowledge  ;  ami  not  the  least  of  the 
circumstances  which  give  them  their  interest,  is  that 
ilouble  bearing  upon  mechanical  and  chemical  prin- 
ciples, which  their  name  is  intended  to  imply.  In- 
deed, at  first  sight  they  appear  to  be  purely  Mecha^ 
nical  Sciences ;  the  attractions  and  repulsions,  the 
prestmre  and  motion,  whicli  occur  in  these  cases, 
are  rcferrible  to  mechanical  conceptions  and  laws,  as 
completely  as  the  weight  or  fall  of  terrestrial  bodies, 
or  the  motion  of  the  moon  and  planets.  And  if 
the  phenomena  of  magnetism  and  electricity  had 
directed  ub  only  to  such  laws,  tlie  corresponding 
sciences  must  have  been  arranged  as  branches  of 
mechanics.  But  we  find  that,  on  the  other  side, 
these  phenomena  have  laws  and  bearings  of  a  kind 
alt<»gether  different.  Magnetism  is  associated  with 
Electricity  by  its  mechanical  analogies ;  and,  more 
',  lias  been  discovered  to  be  still  more  closely 
.  with  it  by  physical   influence;    electric 
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is  identified  vnth  galvanic  agency ;  but  in  galvanism, 
decomposition,  or  some  action  of  that  kind,  univer- 
sally appears;  and  these  appearances  lead  to  very 
general  laws.  Now  composition  and  decomposition 
are  the  subjects  of  Chemistry ;  and  thus  we  find  that 
we  are  insensibly  but  irresistibly  led  into  the  domain 
of  that  science.  The  highest  generalisations  to  which 
we  can  look,  in  advancing  from  the  elementary  facts 
of  electricity  and  galvanism,  must  involve  chemical 
notions ;  we  must  therefore,  in  laying  out  the  plat* 
form  of  these  sciences,  make  provision  for  that 
convergence  of  mechanical  and  chemical  theory, 
which  they  are  to  exhibit  as  we  ascend. 

We  must  begin,  however,  with  stating  the  mechar 
nical  phenomena  of  these  sciences,  and  the  reduction 
of  such  phenomena  to  laws.  In  this  point  of  view, 
the  phenomena  of  which  we  have  to  speak  are  those 
in  which  bodies  exhibit  attractions  and  repulsions, 
peculiarly  determined  by  their  nature  and  circum- 
stances ;  as  the  magnet,  and  a  piece  of  amber  when 
rubbed.  Such  results  are  altogether  different  from 
the  universal  attraction  which,  according  to  New- 
ton's discovery,  prevails  among  all  particles  of 
matter,  and  to  which  cosmical  phenomena  are  owing. 
But  yet  the  difference  of  these  special  attractions 
and  of  cosmical  attraction,  was  at  first  so  far  from 
being  recognised,  that  the  only  way  in  which  men 
eould  be  led  to  conceive  or  assent  to  an  action  of 
one  body  upon  another  at  a  distance,  in  cosmical 
cases,  was  by  likening  it  to  magnetic  attraction,  as 
we  have  seen  in  the  history  of  Physical  Astronomy. 


THE  iMfeCHANTCO-CHEMICAL  SCIENCES. 

I  we  shall,  in  the  first  part  of  our  account,  not 
dwell  much  upon  the  peculiar  conditions  under 
which  bodies  are  magnetic  or  electric,  since  these 
conditions  are  not  readily  reducible  to  mechanical 
laws ;  but,  taking  the  magnetic  or  electric  character 
for  granted,  sliail  trace  its  effects, 

The  hubit  of  considering  magnetic  action  as  the 
type  or  general  case  of  attractive  and  repulsive 
agency,  explains  the  early  writers  having  fijtoken  of 
electricity  as  a  kind  of  magnetism.  Thus  Gilbert, 
in  his  book  De  Magncie  (1600),  has  a  chapter',  De 
emtione  Magneticd,  primiimqtte  de  Succini  atiractioric, 
site  verias  corjioriim  ad  S'icciniim  appUcatione.  The 
manner  in  which  he  speaks,  shows  us  how  mys- 
terious the  fact  of  attraction  then  appeared;  so  that, 
as  he  says,  "  the  magnet  and  amlwr  were  called  in 
aid  by  philosophers  as  illustrations,  when  our  sense 
is  in  the  dark  in  abstruse  inquiries,  and  wlien  our 
reason  can  go  no  further."  Gilbert  speaks  of  these 
phenomena  like  a  genuine  inductive  philosopher, 
reproving'  those  who  before  him  had  "  stuffed  the 
booksellers'  shops  by  copying  from  one  another 
extravagant  stories  concerning  the  attraction  of 
magnets  and  amber,  without  giving  any  reason  from 
experiment."  He  himself  makes  some  important 
iteps  in  the  subject,  lie  distinguishes  magnetic 
from  electric  forces',  and  is  the  inventor  of  the  latter 
name,  derived  from  ijXfKTpov,  amber.  He  observes 
rightly,    that    the    electric   force   attracts  all    liglit 


'  Lib.  ii.  cit[j.  2. 
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bodies,  while  the  flia^etic^  force  attracts  iron  only; 
and  he  devises  a  satisfactory  apparatus  by  which  this 
is  shown.  He  gives  ^  a  considerable  list  of  bodies 
which  possess  the  electric  property ;  "  Not  only 
amber  and  agate  attract  small  bodies,  as  some  think, 
but  diamond,  sapphire,  carbuncle,  opal,  amethyst, 
Bristol  gem,  beryl,  crystal,  glass,  glass  of  antimony, 
spar  of  various  kinds,  sulphur,  mastic,  sealing-wax," 
and  other  substances  which  he  mentions.  Even  his 
speculations  on  the  general  laws  of  these  pheno- 
mena, though  vague  and  erroneous,  as  at  that  period 
was  unavoidable,  do  him  no  discredit  when  compared 
with  the  doctrines  of  his  successors  a  century  and  a 
half  afterwards.  But  such  speculations  belong  to  a 
succeeding  part  of  this  history. 

In  treating  of  these  Sciences,  I  will  speak  of 
Electricity  in  the  first  place;  although  it  is  thus 
separated  by  the  interposition  of  Magnetism  from 
the  succeeding  subjects  (Galvanism,  &c.)  with  which 
its  alliance  seems,  at  first  sight,  the  closest,  and 
although  some  general  notions  of  the  laws  of  mag- 
nets were  obtained  at  an  earlier  period  than  the 
corresponding  relations  of  electric  phenomena :  for 
the  theory  of  electric  attraction  and  repulsion  is 
somewhat  more  simple  than  of  magnetic;  was,  in 
fact,  the  first  obtained ;  and  was  of  use  in  suggesting 
and  confirming  the  generalisation  of  magnetic  laws. 

*  De  Magnete,  p.  48. 


CHAPTER  I. 

biBCOVERY   OF  LaWS  OF  ElECTEIC  PHENOMENA. 

We  have  already  eeen  what  -was  the  state  of  this 
branch  of  knowledge  at  the  beginning  of  the  seven- 
teenth century,  and  the  advances  made  by  Gilbert. 
We  must  now  notice  the  additions  which  it  subse- 
quently received,  and  especially  those  which  led  to 
the  discovery  of  general  laws,  and  the  establishment 
of  the  theory ;  events  of  this  kind  being  those  of 
which  we  have  more  peculiarly  to  trace  the  con- 
ilitions  and  causes.  Among  the  facta  which  we 
have  thus  especially  to  attend  to,  are  the  electric 
attractions  of  small  bodies  by  amber  and  other  sub- 
Htancea  when  rubbed.  Boyle,  wlio  repeated  and 
extended  the  experiments  of  Gilbert,  does  not 
appear  to  have  arrived  at  any  new  general  notions; 
but  Otto  Guericke  of  Magdeburg,  about  the  same 
time,  made  a  very  material  step,  by  discovering  that 
there  was  an  electric  force  of  repulsion  as  well  as 
of  attraction.  He  found  that  when  a  globe  of  sul- 
phur had  attracted  a  feather,  it  afterwards  repelled 
it,  till  the  feather  had  been  in  contact  with  some 
oriicr  body.  This,  when  verified  under  a  due  gene- 
f  of  circumstances,  forms  a  capital  fact  in  our 
lent  subject.  Hawkesbec,  who  wrote  in  17' 
V- Mechanical  Exjx^riinenU,)  also  obser^-ed 
of  the  effects  of  attraction  and  repulsion 
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upon  threads  hanging  loosely.  But  the  person  who 
appears  to  have  first  fiilly  seized  the  general  law  of 
these  facts,  is  Dufay,  whose  experiments  appear  in 
the  Memoirs  of  the  French  Academy,  in  1733, 
1734,  and  1737'.  "I  discovered,"  he  says,  "a  very 
simple  principle,  which  accounts  for  a  great  part  of 
the  irregularities,  and,  if  I  may  use  the  term,  the 
caprices  that  seem  to  accompany  most  of  the  experi- 
ments in  electricity.  This  principle  is,  that  electric 
bodies  attract  all  those  that  are  not  so,  and  repel 
them  as  soon  as  they  are  become  electric  by  the 
vicinity  or  contact  of  the  electric  body  ....  Upon 
applying  this  principle  to  various  experiments  of 
electricity,  any  one  will  be  surprised  at  the  number  of 
obscure  and  puzzling  facts  which  it  clears  up."  By 
the  help  of  this  principle,  he  endeavours  to  explain 
several  of  Hawkesbee's  experiments. 

A  little  anterior  to  Dufay's  experiments  were 
those  of  Grey,  who,  in  1729,  discovered  the  proper- 
ties of  conductors.  He  found  that  the  attraction  and 
repulsion  which  appear  in  electric  bodies  are  ex- 
hibited also  by  other  bodies  in  contact  with  the 
electric.  In  this  manner  he  found  that  an  ivory 
ball,  connected  with  a  glass  tube  by  a  stick,  a  wire,  or 
a  packthread,  attracted  and  repelled  a  feather,  as  the 
glass  itself  would  have  done.  He  was  then  led  to 
try  to  extend  this  communication  to  considerable 
distances,  first  by  ascending  to  an  upper  window  and 

'  Priestley's  Histoiy  of  Eleotricitj,  p.  45,  and  the  Manoirs 
quoted. 


wnging  down  lils  ball,  and,  afterwards.  Iiy  carrjlngr 
the  stritijj  horizontally  niip])ortt*d  un  loopw,  A^  his 
success  was  complete  in  the  former  case,  he  was 
perplexed  by  tliiiure  in  tho  latter;  hut  when  he 
BUpported  the  string  by  loops  of  silk  instead  of 
hempen  cords,  he  found  it  again  become  a  conductor 
of  electricity.  This  he  a?cril>ed  at  first  to  the  smaller 
thickness  of  the  silk,  which  did  not  cairy  off  so  much 
of  the  electric  virtue;  but  from  this  explanation  he 
was  again  driven,  by  finding  that  wires  of  brass  still 
thinner  than  the  nilk  destroyed  the  effect.  Thus 
Grey  perceived  that  the  efficacy  of  tho  support 
depended  on  its  being  silk,  and  he  soon  found  other 
mbBtances  which  answered  the  same  purpose.  Tho 
difference,  in  fact,  depended  on  the  supporting  sub- 
stance being  electric,  and  therefore  not  itself  a 
conductor;  for  it  soon  appeared  from  such  exjieri- 
raents,  and  especially'  from  those  made  by  Dufay, 
that  substances  might  be  divided  int(t  efedries  pa-  se, 
and  non-^ecfrics,  or  conductors.  These  terms  were 
introduced  by  Desaguliers*.  and  gave  a  permanent 
eurrcncy  to  the  results  of  the  labours  of  Grey  and 
others. 

Another  very  important  discovery  belonging  to 
this  period  is,  that  of  the  two  kinds  of  electricity. 
This  also  was  made  by  Dufay.  "Chance,"  says  he, 
"has  thrown  in  my  way  another  principle  more 
universal  and  remarkable  than  the  jireceding  one, 
and  which  casts  a  new  light  upon  the  subject  of 
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electricity.  The  principle  is,  that  there  are  two  distinct 
kinds  of  electricity,  very  different  from  one  another ; 
one  of  which  I  call  vitreous^  the  other  resinotss,  elec- 
tricity. The  first  is  that  of  glass,  gems,  hair,  wool, 
&c. ;  the  second  is  that  of  amber,  gum  lac,  silk,  &c 
The  characteristic  of  these  two  electricities  is,  that 
they  rei)el  themselves  and  attract  each  other.**  This 
discovery  does  not,  however,  appear  to  have  drawn 
so  much  attention  as  it  deserved.  It  was  published 
in  1735 ;  (in  the  Memoirs  of  the  Academy^/br  1733 ;) 
and  yet  in  1747,  Franklin  and  his  friends  at  Phila- 
delphia, who  had  been  supplied  with  electrical  ap- 
paratus and  information  by  persons  in  England  well 
acquainted  with  the  then  present  state  of  the  subject^ 
imagined  that  they  were  making  observations  un- 
known to  European  scieu.ce,  when  they  were  led  to 
assert  two  conditions  of  bodies,  which  were  in  fact  the 
opposite  electricities  of  Dufay,  though  the  American 
experimenters  referred  them  to  a  single  element,  of 
which  electrized  bodies  might  have  either  excess  or 
defect.  "  Hence,"  Franklin  says,  "  have  arisen  some 
new  terms  among  us:  we  say  B,"  who  receives  a 
spark  from  glass,  "  and  bodies  like  circumstanced,  is 
electrized  positively/ ;  A,"  who  communicates  his  elec- 
tricity to  glass,  "  negatively ;  or  rather  B  is  electrized 
pltiSy  A  minusJ'  Dr.  Watson  had,  about  the  same  time, 
arrived  at  the  same  conclusions,  which  he  expresses 
by  saying  tliat  the  electricity  of  A  was  more  rare^ 
and  that  of  B  more  densey  than  it  naturally  would 
have  been*.     But  that  which  gave  the  main  import- 

*  P.  p.  115. 


to  this  doctriue  was  its  application  to  some 
remarkable   experiments,    of  which  we  must  now 


Electric  action  is  accompanied,  in  many  cases,  by 
light  and  a  crackling  sound.     Otto  Guericke'  ob- 
serves that  his  sulphur-globe,  when  nibbed  in  a  dark 
place,  gave  faint  flashes,  such  as  take  place  when 
sugar  is  crushed.     And    shortly  after,  a  Ught  was 
observed    at   the    surface   of    the    mercury   in    tbe 
barometer,  when  shaken,  which  was  explained   at 
first  by  Bernoulli,  on  tbe  then  prevalent  Cartesian 
priucijiles ;  but,  afterwards,  more  truly  by  Hawkesbee, 
as  an  electrical  phenomenon.     "Wall,  in  1708,  found 
tijHirkft  produced  by  rubbing  arabcr,  and  Hawkesbee 
observed  tbe  light  aud  the  snapping,  as  he  calls  it, 
under  various  nioditicatious.     But  the  electric  sjiark 
from  a  living  body,  whicb,  as  Priestley  says',  "  makes 
^^^^Qcipal  part  of  the  diversion  of  gentlemen  and 
^^■ilies  who  coaic  to  see  experiments  lu  electricity," 
^^Hb  first  observed  by  Dufay  and  the  Abbe  NoUet. 
^^Bjpllet  says'  he  "  shall  iie^er  forget  the  surprise  which 
^Hto  £ret  electric  spark  ever  drawn  from  the  human 
^^oody  excited,  both  in  M.  Dufay  and  in  himself."     The 
drawing  of  a  Kpark  from  the  human  body  was  prac- 
tised in  various  forms,  one  of  which  was  famiharly 
known  as  the  "  electrical  kiss."     Other  exhibitions 
of  electrical  light  were  the  electrical  star,  electrical 
,  and  the  hke. 
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As  electricians  determined  more  exactly  the 
conditions  of  electrical  action,  they  succeeded  in 
rendering  more  intense  those  sudden  actions  which 
the  spark  accompanies,  and  thus  produced  the  electric 
shiOck.  This  was  especially  done  in  the  Leyden  phial. 
This  apparatus  received  its  name,  while  the  discovery 
of  its  property  was  attributed  to  Cunaeus,  a  native  of 
Leyden,  who,  in  1746,  handling  a  vessel  containing 
water  in  communication  vaih  the  electrical  machine, 
and  happening  thus  to  bring  the  inside  and  the 
outside  into  connexion,  received  a  sudden  shock  in  his 
arms  and  breast.  It  appears,  however',  that  a  shook 
had  been  received  under  nearly  the  same  circum- 
stances in  1745,  by  Von  Kleist,  a  German  prelate 
at  Camin,  in  Pomerania.  The  strangeness  of  this 
occurrence,  and  the  suddenness  of  the  blow,  much 
exaggerated  the  estimate  which  men  formed  of  its 
force.  Muschenbroek,  after  taking  one  shock,  de- 
clared he  would  not  take  a  second  for  the  kingdom 
of  France ;  though  Boze,  with  a  more  magnanimous 
spirit,  wished*  that  he  might  die  by  such  a  stroke, 
and  have  the  circumstances  of  the  experiment 
recorded  in  the  Memoirs  of  the  Academy.  But  we 
may  easily  imagine  what  a  new  fame  and  interest 
this  discovery  gave  to  the  subject  of  electricity.  It 
was  repeated  in  all  parts  of  the  world,  with  various 
modifications :  and  the  shock  was  passed  through  a 
line  of  several  persons  holding  hands;  Nollet,  in 
the  presence  of  the  king  of  France,  sent  it  through 

•  ELwher,  r.  490.  •  *  p.  84. 


■pie  of  160  nit'ii  of  tin;  ifiiiinli^,  ami  along  a  line 
'»f  men  and  wii-eg  of  000  toiscs'";  an  J  experiments  of 
the  same  kind  were  made  in  England,  principallv 
under  the  direction  of  Watson,  on  a  scale  so  large 
ks  to  excite  the  admiration  of  Musehenbroek ;  who 
savB,  in  a  letter  to  Watson,  "  Magnificentiesiiiiis  tuis 
experimontis  8iii)erasti  conatu8  oninium."  The  result 
was,  that  the  transmission  of  electricity  through  a 
length  of  12,000  feet  was,  to  sense,  instantaneous. 

Tlie  essential  circuraetances  of  the  electric  shock 
were  gradually  unravelled.  Watson  {at  that  time 
professor  at  Cambridge)  found  that  it  did  not  increase 
in  proportion  either  to  the  content*  of  the  phial  or 
the  size  of  the  globe  by  which  the  electricity  was 
excited;  that  the  outside  coating  of  the  glass  (which, 
in  the  lirst  fonn  of  the  exjieriment,  was  only  a  iilm 
of  water,)  and  its  contents,  might  be  varied  in  different 
ways.  To  Franklin  is  due  the  merit  of  clearly  pointing 
out  most  of  the  cireumatances  on  which  the  efficacy 
of  the  Leyden  phial  depends.  lie  showed,  in  1747", 
that  the  inside  of  the  bottle  is  electrized  positively, 
the  outside  negatively ;  and  that  the  shock  is  pro- 
duced by  tlie  restoration  of  the  eiiuilihrium,  when 
the  out&ide  and  inside  are  brought  into  communiea- 
tioii  suddenly.  But  in  order  to  complete  this  dis- 
covery, it  remained  to  be  shown  that  the  electric 
matter  was  collected  entirely  at  the  surface  of  the 
glass,  and  that  the  opposite  electricities  on  the  two 
op{iatiite  sides  of  the  glass  were  accumulated  by  their 
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mutual  attraction.  Monnier  the  younger  discoTered 
that  the  electricity  which  bodies  can  receive^  depends 
upon  their  surface  rather  than  their  mass,  and 
Franklin^*  soon  found  that  '^the  whole  force  of  the 
bottle,  and  power  of  giving  a  shock,  is  in  the  glass 
itself."  This  they  discovered  by  decanting  the  water 
out  of  an  electrized  into  another  bottle,  when  it 
appeared  that  the  second  bottle  did  not  become 
electric,  but  the  first  remained  so.  Thus  it  was  found 
^^that  the  non-electrics,  in  contact  with  the  glass, 
served  only  to  unite  the  force  of  the  several  parts.** 

So  far  as  the  effect  of  the  coating  of  the  Leyden 
phial  is  concerned,  this  was  satisfactory  and  com^ 
plete:  but  Franklin  was  not  equally  successful  in 
tracing  the  action  of  the  electric  matter  upon  itself, 
in  virtue  of  which  it  is  accumulated  in  the  phial ; 
indeed,  he  appears  to  have  ascribed  the  effect  to 
some  property  of  the  glass.  The  mode  of  describing 
this  action  varied,  accordingly  as  two  electric  fluids 
were  supposed,  (with  Dufay,)  or  one,  which  was  the 
view  taken  by  Franklin.  On  this  latter  supposition 
the  parts  of  the  electric  fluid  repel  each  other,  and  the 
excess  in  one  surface  of  the  glass  expels  the  fluid 
from  the  other  surface.  This  kind  of  action,  how- 
ever, came  into  much  clearer  view  in  the  experiments 
of  Canton,  Wilcke,  and  iEpinus.  It  was  principally 
manifested  in  the  attractions  and  repulsions  which 
objects  exert  when  they  are  in  the  neighbourhood  of 
electrized   bodies;   or  in  the  electrical  atmosvhere, 
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jf  the  phraseology  of  the  time.  At  jiresent  we 
say  that  bodies  are  electrified  h>/  induction,  when 
they  are  thus  made  electric  by  the  electric  attraction 
and  repulsion  of  other  bodies.  Canton's  experiments 
were  communicated  to  the  Royal  Society  in  1753, 
and  show  that  the  electricity  on  each  body  acts  upon 
the  electricity  of  another  body,  at  a  distance,  ivith  a 
repulsive  energy.  Wilke,  in  like  manner,  showed 
that  parts  of  non-electrics,  plunged  in  electric  atmo- 
spheres, acquire  an  electricity  opposite  to  that  ot 
such  atmospheres.  And  jEpinus  de^^sed  a  method 
of  examining  the  nature  of  the  electricity  at  any 
part  of  the  surface  of  a  body,  by  means  of  which  he 
nscertained  its  distribution,  and  found  that  it  agreed 
with  such  a  law  of  self-repulsion.  His  attempt  to 
give  mathematical  precision  to  this  induction  was 
one  of  the  most  important  steps  towards  electrical 
theory,  and  must  be  spoken  of  shortly,  in  that  point 
of  ^-iew.  But  in  the  mean  time  we  may  observe, 
that  this  doctrine  was-  ajiplied  to  the  explanation  of 
the  Leyden  jar ;  and  the  explanation  was  confirmed 
tiy  charging  a  plate  of  air,  and  obtaining  a  shock 
from  it.  in  a  manner  which  the  theory  jiointed  out. 

Before  we  proceed  to  the  history  of  the  theory, 
Kc  must  mention  some  other  of  the  laws  of  pheno- 
mena which  were  noticed,  and  which  theory  was 
expected  to  explain.  Among  the  moat  celebrated 
of  these,  were  the  effect  of  sharp  points  in  couduc- 
tore,  and  the  ])henomena  of  electricity  in  the  atmo- 
sphere. The  former  of  these  circumstances  was  one 
of  the  first  which  Frauklia  observed  as  remarkable. 
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It  was  found  that  the  points  of  needles  and  tlie  lik« 
tlirow  off  and  draw  ofl'  the  electric  nrtue ;  thus  I 
bodkin,  directed  towards  an  electriKed  ball,  at  six  oi 
eight  inches'  distance,  destroyed  its  eloctrio  actioiL 
The  latter  subject,  involving  the  consideration  oS 
thunder  and  lightning,  and  of  many  other  meteorcH 
logical  phenomena,  excited  great  interest.  The  c 
parison  of  the  electric  epark  to  liglitning  had  veiyi 
early  been  made ;  but  it  was  only  when  the  dJschargB 
had  been  rendered  more  powerful  in  the  Leydcn  jai 
that  the  comparison  of  the  etlccts  became  verj 
plausible.  Franklin,  about  17o0,  had  offered  a  few 
somewhat  vague  conjectures"  retupecting  the  exist- 
ence of  electricity  in  the  clouds,  but  it  was  not  t 
WUko  and  ^pinus  had  obtained  clear  notions  « 
the  eifect  of  electric  matter  at  a  distance,  that  th( 
real  condition  of  the  clouds  could  be  well  understoot 
In  1762,  however",  D'AHbard,  and  other  French' 
philosophers,  were  desirous  of  verifying  FranklinV 
conjecture  of  the  analogy  of  thunder  and  electricityi 
This  they  did  by  erecting  a  pointed  iron  rod,  fort 
feet  high,  at  Marli;  tlie  rod  was  found  capable  i 
giving  out  electrical  sjmrks  wlien  a  thunder-cloui 
imssed  over  the  i>lace.  This  was  repeated  in  variouj 
parts  of  Europe,  and  Franklin  suggested  that  a  com 
municatlon  with  the  douda  might  be  formed  b] 
Bioans  of  a  kite.  By  these,  and  similar  means,  thi 
electricity  of  the  atmoFii>here  was  studied  by  Cantoi 
in  England,  Mazeaa  in  France,  Bocoaria  in  Italy,  aiu 
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i  elsewhere.  These  essays  soon  led  t<i  a  fatal 
accident,  the  death  of  Richman  at  Petersburg,  while 
he  vasj  on  August  Gth,  1753,  observing  the  electri- 
oity  collected  fram  an  approaching  thumler-cloud, 
bj"  means  of  a  rod  which  he  called  an  electrical 
gnomon:  a  globe  of  blue  fire  was  seen  to  leap  from 
the  rod  to  tlie  head  of  the  unfortunate  professor,  who 
^^ms  thus  struck  dead. 

^Hpt  is  not  here  necessary  to  trace  the  study  of 
^Hpospheric  electricity  any  further:  and  we  must 
now  endeavour  to  see  how  these  phenomena  and 
lan-g  of  phenomena  -which  we  have  related,  were 
worked  up  into  consistent  theories ;  for  though  many 
experimental  observations  and  measures  were  made 
after  this  time,  they  wei-e  guided  by  the  theory,  and 
may  be  considered  as  having  rather  discharged  tlie 
office  of  confirming  than  of  suggesting  it, 

I  We  may  observe  also  that  we  have  now  described 
irperiod  of  most  extensive  activity  and  interest  in 
Ktrical  researches.  These  uatui-ally  occurred  while 
i  g;«ieral  notions  and  laws  of  the  phenomena  were 
fiOfning,  and  were  not  yet  become,  fixed  and  clear. 
At  such  a  period,  a  large  and  popular  circle  of  spec- 
tators and  amateurs  feel  themselves  nearly  upon  a 
lerel,  in  the  value  of  their  trials  and  speculations, 
with  more  profound  thinkers :  at  a  later  period,  when 
f  subject  is  become  a  science,  that  is,  a  study  in 
1  all  must  lie  left  far  behind  who  do  not  come  ■ 
b  with  disciplined,  informed,  and  logical  minds, 
I  cultivators  are  far  more  few,  and  the  shout  of 
I  ks8  tumultuous  and  lesa  loud.     We  may 


20 


HISTOBT  OF  ELBCTRICITT. 


addy  too,  that  the  experiments^  which  are  the  most 
striking  to  the  senses,  lose  much  of  their  impress 
siveness  with  their  novelty.  Electricity,  to  be  now 
studied  rightly,  must  be  reasoned  upon  mathema* 
tically ;  how  slowly  such  a  mode  of  study  makes  its 
way,  we  shall  see  in  the  progress  of  the  theory,  which 
we  must  now  proceed  to  narrate. 


The  Progress  of  Electrical  Theory. 

S  cause  of  pleetrical  phenomena,  and  the  mode  of 
its  operation,  were  naturally  at  first  spoken  of  in  an 
indistinct  and  wavering  manner.  It  was  called  the 
electric ^j-ft,  the  eloctric^wirf;  its  effects  were  attri- 
buted to  virtues,  effiitma,  atmospheres.  When  men's 
mechanical  ideas  became  somewhat  more  distinct, 
the  motions  and  tendencies  to  motion  were  ascribed 
to  currents,  in  the  same  manner  as  the  cosmical 
motions  had  been  in  the  Cartesian  system.  This 
doctrine  of  currents  was  maintained  by  Nollet,  who 
ascribed  all  the  phenomena  of  electrized  bodies  to 
the  coutemporaneous  afflux  and  efflux  of  electrical 
matter.  It  was  an  important  step  towards  sound 
theory,  to  get  rid  of  this  notion  of  moving  fluids, 
and  to  consider  attraction  and  repulsion  as  statical 
forces ;  and  this  appears  to  have  been  done  by  others 
about  the  same  time.  Dufay'  considered  that  he 
bad  proved  the  existence  of  two  electricities,  the 
vitreous  and  the  resinous,  and  conceived  each  of 
these  to  be  a  fluid  which  repelled  its  own  parts  and 
attracted  those  of  the  other:  this  is,  in  fact,  the 
outline  of  the  theory  which  recently  has  been  con- 
sidered as  the  best  established;  but  from  various 
causes  it  was  not  at  once,  or  at  least,  not  generally 
loptcd.     The  hypothesis  of  the  excess  and  defect 
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of  a  single  fluid  is  capable  of  being  so  treated  as 
to  give  the  same  results  with  the  hypothesis  of  two 
opposite  fluids,  and  happened  to  obtain  the  prefer- 
ence for  some  time.  We  have  already  seen  that 
this  hypothesis,  according  to  which  electric  pheno- 
mena arose  from  the  excess  and  defect  of  a  gene- 
rally diffused  fluid,  suggested  itself  to  Watson  and 
Franklin  about  1747.  Watson  found  that  when 
an  electric  body  was  excited,  the  electricity  was  not 
created,  but  collected;  and  Franklin  held,  that 
when  the  Leyden  jar  was  charged,  the  quantity  of 
electricity  was  unaltered,  though  its  distribution  was 
changed.  Symmer'  maintained  the  existence  of  two 
fluids;  and  Cigna  supplied  the  main  defect  which 
belonged  to  this  tenet  in  the  way  in  which  Dufity 
held  it,  by  sho\^ing  that  the  two  opposite  electrici- 
ties were  usually  produced  at  the  same  time.  Still 
the  apparent  simplicity  of  the  hypothesis  of  one 
fluid  procured  it  many  supporters.  It  was  that 
which  Franklin  adopted,  in  his  explanation  of  the 
Leyden  experiment ;  and  though,  after  the  first  con- 
ception of  an  electrical  charge  as  a  disturbance  of 
equilibrium,  there  was  nothing  in  the  developement 
or  details  of  Franklin's  views  which  deserved  to  win 
for  them  any  peculiar  authority,  his  reputation,  and 
his  skill  as  a  writer,  gave  a  considerable  influence  to 
his  opinions.  Indeed,  for  a  time  he  was  considered, 
over  a  large  part  of  Europe,  as  the  creator  of  the 
science,   and   the   terms'  Franklinism^  FraMinistj 

•  Phil.  Trans.  1769.  •  Priestley,  p.  160 
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Fmnhliniaii  M/siern,  occur  in  almost  every  pa*e  tjf 
continental  publications  on  the  subject.  Yet  the 
electrical  plieiionieua  to  the  knowleilire  of  which 
Franltliii  added  least,  those  of  induction,  were  those 
by  which  the  progi-ees  of  the  theory  was  most  pro- 
moted. These,  as  we  have  already  said,  were  at  first 
explaintxl  hy  the  hypothesis  of  electrical  atmoepheres. 
Lord  iVIahon  wrote  a  treatise,  in  which  this  hypo- 
lis  was  mathematically  treated ;  yet  the  hypo- 
was  very  untenable,  for  it  would  not  account 
the  most  obnous  cases  of  inductiou,  such  as  the 
len  jar,  except  the  atmosphere  ^vas  supposed  to 
(trate  giasn. 

(*She  phenomena  of  electricity  by  induction,  when 
[y  considered  by  a  person  of  clear  notions  of  the 
r&lations  of  space  and  force,  were  seen  to  accom- 
modate themselves  very  generally  to  the  conception 
itroduced  by  Dufay',  of  two  electricities  each  re- 
iiig  itself  and  attracting  the  other.  If  we  sup- 
that  there  is  only  one  fluid,  which  repels  itself 
and  attracts  all  other  matter,  we  obtain,  in  many 
cases,  the  same  general  results  as  if  we  sujtpose  two 
fl«idn;  thus,  if  an  electrized  body,  overcharged  with 
the  single  fluid,  act  upon  a  ball,  it  drives  the  electric 
fluid  in  the  ball  to  the  further  side  by  its  repulsion, 
then  attracts  the  ball  by  attracting  the  matter 
than  it  repels  the  fluid.  If  we  suppose  two 
Inlds,  the  positively  electrhsed  body  draws  the  nega- 
tive fluid  to  the  nearer  side  of  the  ball,  repeU  the 
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positive  fluid  to  the  opposite  side,  and  attracts  the 
ball  on  the  whole,  because  the  attracted  fluid  is 
nearer  than  that  which  is  repelled.  The  verification 
of  either  of  these  hypotheses,  and  the  determination 
of  their  details,  depended  necessarily  upon  experi- 
ment and  calculation.  It  was  under  the  hypothesis 
of  a  single  fluid  that  this  trial  was  first  properly 
made.  JCpinus  of  Petersburg  published,  in  1759, 
his  Tentamen  Theoince  Electrioitatis  et  Maffnetismi; 
in  which  he  traces  mathematically  the  consequences 
of  the  hypothesis  of  an  electric  fluid,  attracting  all 
other  matter,  but  repelling  itself;  the  law  of  force 
of  this  repulsion  and  attraction  he  did  not  pretend 
to  assign  precisely,  confining  himself  to  the  supposi- 
tion that  the  mutual  force  of  the  particles  increases 
as  the  distance  decreases.  But  it  was  found,  that 
in  order  to  make  this  theory  tenable,  an  additional 
supposition  was  required,  namely,  that  the  particles 
of  bodies  repel  each  other  as  much  as  they  attract 
the  electric  fluid*.  For  if  two  bodies,  a  and  B,  be  in 
their  natural  electrical  condition,  they  neither  attract 
nor  repel  each  other.  Now,  in  this  case,  the  fluid  in 
A  attracts  the  matter  in  b  and  repels  the  fluid  in  b 
with  equal  energy,  and  thus  no  tendency  to  motion 
results  from  the  fluid  in  a  ;  and  if  we  further  suppose 
that  the  matter  in  a  attracts  the  fluid  in  b  and  repels 
the  matter  in  b  with  equal  energy,  we  have  the  resulting 
mutual  inactivity  of  the  two  bodies  explained ;  but 
without  the  latter  supposition,  there  would   be  a 

*  Robison,  rol.  iy.  p.  18, 
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tnutnal  attraction:  or  we  may  put  tlie  proof  more 
amply  thue;  two  negratively  electrized  botiies  repel 
eocb  other ;  if  negative  electrization  were  merely  the 
abstmction  of  the  fluid  which  is  the  repulsive  ele- 
ment, this  result  could  not  follow  except  there  were 
a  repulsion  in  the  bodies  themselves,  indejKtudent 
of  the  fluid.  And  thus  jEpinus  found  himself  com- 
pelled to  assume  this  mutual  repulsion  of  material 
particles ;  he  had,  in  fact,  the  alternative  of  tills  suppo- 
sition, or  that  of  two  fluids,  to  choose  between,  for  the 
mathematical  results  of  both  hypotheses  arc  the  same. 
Wjlke,  a  Swede,  who  had  at  first  asserted  and  worked 
oat  the  ^pniian  theory  in  its  original  form,  after- 
Is  inclined  to  the  opinion  of  Symmer;  and  Cou- 
ib,  when,  at  a  later  period,  he  confirmed  tiie 
leory  by  his  experiments  and  determined  the  law 
of  foree,  did  not  heaitate  to  prefer'  the  theory  of  two 
[uids,  "  because,"  he  says,  "  it  appears  to  me  con- 
ictory  to  admit  at  the  same  time,  in  the  particles 
bodies,  an  attractive  force  in  the  inverse  ratio 
of  the  squares  of  the  distances,  which  is  demon- 
strati'd  by  universal  gravitation,  and  a  repulsive  force 
the  eame  inverse  nitio  of  the  squares  of  the  dis- 
;  a  force  which  would  necessarily  be  infinitely 
relatively  to  the  action  of  gravitation."  AVe 
add,  that  by  forcing  us  upon  this  doctrine  of 
univei-sal  repuisiou  of  matter,  the  theory  of  a 
fluid  seems  quite  to  lose  that  superiority  in 
!  way  of  simplicity  which  had  originally  been  its 
i|)al  recommendation. 

•  Me'ra.  Ac.  I'.  I7OR,  p-'l'l. 
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The  mathematical  results  of  the  supposition  of 
^pinus,  which  are,  as  Coulomb  observes  ^  the  same 
as  of  that  of  the  two  fluids,  were  traced  by  the 
author  himself,  in  the  work  referred  to,  and  shown 
to  agree,  in  a  great  number  of  cases,  with  the  ob- 
served facts  of  electrical  induction,  attraction,  and 
repulsion.  Apparently  this  work  did  not  make  its  way 
very  rapidly  through  Europe;  for  in  1771,  Henry 
Cavendish  stated*  the  same  hypothesis  in  a  paper 
read  before  the  Royal  Society;  which  he  prefaces 
by  saying,  "  Since  I  first  Avrote  the  following  paper, 
I  find  that  this  way  of  accounting  for  the  pheno- 
mena of  electricity  is  not  new.  jEpinus,  in  his 
Tentamm  TheoritB  Ekctricitatis  et  Magnetismi^  has 
made  use  of  the  same  or  nearly  the  same  hypothesis 
that  I  have ;  and  the  conclusions  he  draws  from  it 
agree  nearly  with  mine  as  far  as  he  goes." 

The  confirmation  of  the  theory  was,  of  course,  to 
be  found  in  the  agreement  of  its  results  with  experi- 
ment; and  in  particular,  in  the  facts  of  electrical 
induction,  attraction,  and  repulsion,  which  suggested 
the  theory.  iEpinus  showed  that  such  a  confirma- 
tion appeared  in  a  number  of  the  most  obvious  cases ; 
and  to  these.  Cavendish  added  others,  which,  though 
not  obvious,  were  of  such  a  nature  that  the  c^lcula- 
lations,  in  general  difficult  or  impossible,  could  in 
these  instances  be  easily  performed ;  as,  for  example, 
cases  in  which  there  are  plates  or  globes   at  the 

'  Ac.  P.  1788,  p.  672. 

•  Phil.  Trans.  1771,  vol.  bi. 


I  extremities  of  a  long'  wire.  In  all  these  cases 
belectneal  action,  tlie  theory  was  justified.  But 
iorder  to  give  it  full  conflrmation,  it  was  to  be 
Inderod  whether  any  utlier  facts,  not  immediately 
laed  in  the  foundation  of  the  theiiry,  were 
iained  by  it ;  a  circumstance  which,  as  we  have 
seen,  gave  the  final  stamp  of  truth  to  the  theories  of 
Wtronomy  and    optics.      Now  wo  appear  to  have 

Ib  confirmation,  in  the  effect  of  points,  and  in  the 
momena  of  the  electrical  discharge.     The  theory 
leither  of  these  was  fully  understood  by  Cavendisii, 
.  he  maile  au  approach  to  the  true  view  of  them. 
one  part  of  a  conducting  body  be  a  sphere  of 
small  radius,  the  electric  fluid  upon  the  surface  of 
this  sphere  will,  it  ajjpcars  by  calculation,  be  more 
^^■uBe.  and  tend   to  escape  more  energetically,  in 
^^H^ortion  as  the  radius  of  the  sphere  is  smaller; 
^^fcd,  therefore,  if  we  consider  a  point  as  part  of  the 
surface  of  a  sphere  of  imperceptible  radius,  it  fol- 
lows from  the  theory  that  the  eHbrt  of  the  fluid  to 
I  at  that  place  will  be  enormous;  so  that  it 
'  easily  be  supjfosed  to  overcome  the  resisting 
And  the  discharge  may  he  explained    in 
rly  the  same  manner ;  for  when  a  conductor  is 
iQgbt  nearer  and  nearer  to  an  electrized  body,  the 
Mite  electricity  is  more  and  more  accumulated 
■  attraction    on    the  side  next  to  the   electrized 
H? ;  its  tension  becomes  greater  by  the  increase  of 
Kqoantity  and  the  diminution  of  the  distance,  and 
ut  it  is  too  strong  to  bo  contained,  and  leaps  out 
In  Uio  form  of  a  spark. 
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The  light,  sound,  and  mechanical  effects  produced 
by  the  electric  discharge,  made  the  electric  flmd  to 
be  not  merely  considered  as  a  mathematical  hypo- 
thesis, useful  for  reducing  phenomena  to  formulse, 
(as  for  a  long  time  the  magnetic  fluid  was,)  but 
caused  it  to  be  at  once  and  universally  accepted  as  a 
physical  reality,  of  which  we  learn  the  existence  by 
the  common  use  of  the  senses,  and  of  which 
measures  and  calculations  are  only  wanted  to  teach 
us  the  laws. 

The  applications  of  the  theory  of  electricity 
which  I  have  principally  considered  above,  are  those 
which  belong  to  conductors,  in  which  the  electric 
fluid  is  perfectly  moveable,  and  can  take  that  distri- 
bution which  the  forces  require.  In  non-conducting 
or  electric  bodies,  the  conditions  to  which  the  fluid 
is  subject  are  less  easy  to  determine ;  but  by  sup- 
posing that  the  fluid  moves  with  great  diflSculty 
among  the  particles  of  such  bodies, — that  neverthe- 
less it  may  be  dislodged  and  accumulated  in  parts  of 
the  surface  of  such  bodies,  by  friction  and  other 
modes  of  excitement,  and  that  the  earth  is  an  inex- 
haustible reservoir  of  electric  matter, — the  principal 
facts  of  excitation  and  the  like  receive  a  tolerably 
satisfactory  explanation. 

The  theory  of  iEpinus,  however,  still  required  to 
have  the  law  of  action  of  the  particles  of  the  fluid 
determined.  If  we  were  to  call  to  mind  how  mo- 
mentous an  event  in  physical  astronomy  was  the 
determination  of  the  law  of  the  cosmical  forces,  the 
inverse  square  of  the  distance,  and  W^ro  to  auppos^ 


mportance  and  difBculty  of  tlie  aualogous  step  in 
this  case  to  be  of  the  same  icind,  this  would  he  to 
mistake  the  condition  of  science  at  that  time.  The 
leading  idea,  the  conception  of  tlie  possibility  of 
explaining  natural  phenomena  by  means  of  the  action 
of  forces,  on  rigorously  mechanical  jirinciples,  had 
already  been  promulgated  by  Newton,  and  was,  from 
the  first,  seen  to  be  peculiarly  ap|)licable  to  electrical 
phenomena  ;  so  that  the  very  material  step  of  clearly 
proposing  the  problem,  often  more  important  than 
the  solution  of  it,  had  already  been  made.  Moreover 
the  confirmation  of  the  truth  of  the  assumed  cause 
in  the  astronomical  case  depended  on  taking  the 
right  law ;  but  the  electrical  theory  could  be  con- 
jirmed,  in  a  general  manner  at  least,  without  this 
restriction.  Still  it  was  an  important  discovery  that 
the  law  of  the  inverse  square  prevailed  in  these  as 
well  as  in  cosmical  attractions. 

It  was  impossible  not  to  conjecture  beforehand 
that  it  would  be  so.  Cavendish  had  professed  in  his 
calculations  not  to  take  the  exponent  of  the  inverse 
power,  on  which  the  force  depended,  to  be  strictly  2, 
but  to  leave  it  indeterminate  between  1  and  3  ;  but  in 
hiB  applications  of  his  results,  he  obviously  inclines  to 
the  assumption  that  it  is  2.  Experimenters  tried  to 
establish  this  in  various  ways.  Robison*,  in  1769, 
had  already  proved  that  the  law  of  force  is  very  nearly 
or  exactly  the  inverse  square ;  and  Mayer '°  had  dis- 
covered, but  not  published,  the  same  result.    The 


'  Biog.  Univ.  art.  Coulomb,  by  Biot. 
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and  satisfoctor}-  establishment  of  this  truth  is 
due  to  Coulomb,  and  was  one  of  tlie  first  steps  in 
Ida  important  eeries  of  researchea  on  this  subject. 
In  his  first  paper"  in  the  Memoirs  of  the  Academy 
for  1785,  he  provca  thin  law  for  small  globes  ;  in  hi» 
second  Memoir  he  showa  it  to  be  true  for  globes  one 
and  two  feet  in  diameter.  His  invention  of  the 
torsion-balance,  which  measures  very  email  forces 
with  great  certainty  and  oxactneas,  enabled  hira  to 
Kt  this  qTiestion  at  rest  forever. 

The  law  of  force  being  determined  for  the  par- 
ticleH  of  the  electric  fluids,  it  now  came  to  bo  the 
business  of  the  experimenter  and  the  mathematician 
to  compare  the  results  of  the  theory  in  detail  with 
those  of  expevimenta!  measures.  Coulomb  undertook 
both  portions  of  the  task.  He  examined  the  electri- 
city of  portions  of  bodies  by  means  of  a  little  disk 
(his  tantjent  plane)  which  he  applied  to  them  and  then 
fenioved,  and  which  thus  acted  as  a  sort  of  electric 
iasier.  His  numerical  results,  (the  intensity  being  still 
measured  by  the  torsion-balance.)  are  the  fundamental 
fecta  of  the  theory  of  the  electrical  fluid.  Without 
entering  into  detail,  we  may  observe  that  he  found 
the  electricity  to  be  entirely  collected  at  the  surface 
of  conductors,  (which  Beccaria  had  before  Khown  to 
be  the  case,)  and  that  ho  examined  and  recorded  the 
electric  intensity  at  the  surface  of  globes,  cylinders, 
«nd  other  condacting  bodies,  placed  within  each 
■Otlier's  influence  in  various  ways. 
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P  The  mnthemnticnl  calculation  of  the  distribution 
f  two  fluids,  all  the  ptirticlen  of  whicli  attract  and 
^«pel  each  other  according  to  the  above  law,  was  a 
problem  of  no  ordinary  difficulty ;  as  may  easily  be 
imagined,  when  it  is  recollected  that  the  attraction 
and  repulsion  detennine  the  distribution,  and  the 
distribution  reciprocaUy  determines  the  attraction 
gad  repulsion.  The  problem  was  of  the  same 
s  as  those  of  the  figure  of  the  earth,  and  of  the 
and  its  rigorous  solution  was  beyond  tie 
I  of  the  analyeia  of  Coulomb's  time.  He 
!,  however,  approximate  solutions  witli  much 
nty;  for  instance,  in  a  case  in  which  it  was 
rvions  that  the  electric  fluid  would  be  most  accumu- 
^llted  at  and  near  the  equator  of  a  certain  sphere,  he 
calculated  the  action  of  the  sphere  on  two  suppositions: 
fimt,  that  the  fluid  was  all  collected  precisely  at  the 
equator:  and  next,  that  it  was  uniformly  difliised 
over  the  surface ;  and  ho  then  assumed  the  actual 
case  to  bo  intermediate  between  these  two.  By 
ncfa  artifices,  he  was  able  to  show  that  the  results 
r  Uia  experiments  and  of  his  calculations  gave  an 
wment  sufliciently  near  to  entitle  him  to  con- 
r  the  theory  as  established  on  a  solid  basis. 

at  this  period,  mathematics  was  behind 
i*)cperiraent ;  and  a  problem  was  proposed,  in  which 
Jjflieoretical  numerical  results  were  wanted  for  com- 
lon  with  observation,  but  could  not  be  accurately 
lAbtained  ;  as  was  the  case  in  astronomy  also,  till  the 
'  of  the  ajiproximate  solution  of  the  Problem 
Bodies,  and  the  consequent  formation  of 
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e  Tables  of  the  Moon  and  Planets  on  the  theory 
|of  universal  gravitation.     After  some  time,  electrical 

■  theory  was    relieved  from  this  rejiroach,  mainly  in 
■consequence  of  tbo  progress  which  astronomy  had 

■  occasioned    in    pure    mathematics.      About    1801, 

■  there  appeared  in  the  Bulletin  dea  Sciences",  an 

■  exact  solution  of  the  problem  of  the  distributioa  of 
f  electric  fluid  on  a  spheroid,  obtained  by  Biot,  by 

the  application  of  the  jteeuliar  methods  which  La^ 
place  had  invented  for  the  problem  of  the  figure 
of  the  planets.     And  in  1811,  M.  Poisson  applied 
Laplace's  artifices  to  the  case  of  two  spheres  acting 
upon  one  another  in  contact,  a  case  to  which  many 
I  -flf  Coulomb's  experiments  were  roferrible ;  and  the 
'  agreement  of  the  results  of  theory  and  obser\ution, 
thus  extricated  from  Coulomb's  numbers,  obtained 
above  forty  years  previously,  was  very  striking  and 
convincing".     It  followed  also  from  Poisson's  cal- 
culations,   that    when    two  electrized    spheres  are 
brought  near  each  other,  the  accumulation  of  the 
Lopposite  electricities  on  their  nearest  points  increases 
■^without  limit  as  the  spheres  approach  to  contact ;  eo 
I  that  before  the  contact  takt-s  place,    the    external 
resistance  will  l)e  overcome,  and  a  spark  will  pass. 
Though  the  relations  of  non-conductors  to  elec- 
ty,  and  various  other  circumstances,  leave  many 
lets  imperfectly  exjdained  by  the  theory,  yet  we 
may  venture  to  say  that,  as  a  theory  which  gives  the 
laws  of  the  phenomena,  and  wliich  determines  the 
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ribotion  of  those  elementary  forces,  on  the  sur- 
iace  of  electrized  bodies,  from  which  elementary 
forces  (whether  arising  from  the  presence  of  a  fluid 
or  not,)  the  total  effects  result,  the  doctrine  of  Dafay 
and  Coulomb,  aa  developed  in  the  analysis  of  Pois- 
son,  is  securely  and  permanently  established.  This 
part  of  the  subject  has  been  called  statical  electricity. 
In  the  establishment  of  the  theory  of  this  branch  of 
Bcieoce,  we  must,  I  conceive,  allow  to  Dufay  more 
merit  than  is  generally  ascribed  to  him;  since  he 
8aw  clearly,  and  enunciated  in  a  manner  which 
showed  tliat  he  duly  appreciated  their  capital  cha- 
racter, the  two  chief  principles, — the  conditions  of 
electrical  attraction  and  repulsion,  and  the  apparent 
existence  of  two  kinds  of  electricity.  His  views  of 
attraction  are,  indeed,  partly  expressed  in  terms  of  the 
Cartesian  hypothesis  of  vortices,  then  prevalent  in 
France ;  but,  at  the  time  when  he  wrote,  these  forms 
of  speech  indicated  scarcely  anything  besides  the  fact 
of  attraction.  Franklin's  real  merit  as  a  discoverer 
was,  that  he  was  one  of  the  first  who  distinctly  con- 
ceived the  electrical  charge  as  a  derangement  of 
equilibrium.  The  great  fame  which,  in  his  day,  he 
enjoyed,  arose  from  the  clearness  and  spirit  with 
which  he  narrated  his  discoveries;  from  his  dealing 
with  electricity  in  the  imposing  form  of  thunder 
^jnd  lightning;  and  partly,  perhaps,  from  his  cha- 
IjHtter  a/n  an  American  and  a  politician ;  for  he  was 
^Hindy,  in  1 736,  engaged  in  public  affairs  as  clerk 
to  Ihe  General  Assembly  of  Pennsylvania,  though  it 
VOL.  m.  i> 
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waa   not    till    a   lator   period    of   his    life  that    liifi 
admirers  had  the  occasion  of  saving  of  him — 
Eripuit  ccells  ftiUnen  Bceplmmiiue  Iyraniii« ; 
Bom  tn  control  ftll  Inwlesa  force,  nil  fiot^  nud  linlcrul  iway, 
The  tliuiider'e  loll,  iho  tyninl's  rod,  alike  he  wrcauliod  aw«f 

j¥^[iinus  and  Coulomb  won?  two  of  the  nifwt  emi^ 
nont  phvuical  philosopherH  of  the  la«t  ceiiturv.  mm 
laboured  in  the  wav  peculiarly  required  by  tlial 
generation ;  whose  office  it  was  to  examine  the  n 
suit!?,  in  j»articulnr  subjects,  of  the  general  conc^ 
tioh  of  attraction  and  repulsion,  as  introduced  bj 
NeM'ton.  The  reasonings  of  the  Newtonian  periol 
had,  in  oonie  mcasni-e,  nnticipated  all  possible  theorie 
resembling  the  electrieal  doctiine  of  ^tpinus  biu 
Coulomb;  and.  on  that  arcount.  this  doctrine  couli 
not  be  introduced  and  contirmed  in  ii  Middcil  aai 
ntriking  manner,  so  as  to  make  a  groat  epooh 
Accordingly,  Dufay,  Symnier,  Watson.  Franklid 
£pinU8  and  Coulomb,  hare  all  a  !^hare  in  the  procei 
of  induction.  With  iffei'ence  to  these  tbunders  a 
the  theory  of  electricity.  Poisson  hold!)  the  sanv 
place  wliich  Laplace  holds  with  reference  to  NewloB 

The  reception  of  the  Cnulombian  theory  (so  w 
must  eail  it,  for  the  ^Epiniari  theory  iniplies  one  fluM 
only,)  has  hitherto  not  been  so  general  as  mfgll 
liBve  been  reasonably  expected  fVom  its  very  b«aa 
tifiil  aeeordance  with  the  facts  which  it  contemplate! 
This  has  partly  been  owing  to  the  extreme  abstniN 
ness  of  the  mathematical  reasoning  which  it  employ* 
and  wliich  put  it  out  of  the  reach  of  most  expert 


uten  and  trriters  of  works  of  geneml  circiilntion. 
The  theory  of  v^piiius  was  explained  by  RobisoD  in 
tlie  Encycloj>a?difi  Britannice ;  tho  analysis  of  Poiiison 
has  recently  been  presented  to  the  public  in  the 
Encyclopaedia  Metropolitana,  but  is  of  a  kind  not 
ctttiily  mastered  even  by  most  nmtbematicians.  On 
U1P8C  Bccouiits  probably  it  i»,  that  in  English  compi- 
lations of  Bcience,  we  lind,  even  to  this  day,  tho  two 
tlieories  of  one  and  of  two  fluids  stated  as  if  they 
were  nearly  on  a  par  in  respect  of  their  expcri- 
inental  evidence.  Still  we  may  nay  that  the  Cou- 
loDibUui  theory  i»  prol>ably  assented  to  by  all  who 
have  exiuiiiued  it,  at  least  as  giving  tlio  laws  of 
phenomena;  and  I  have  uot  heard  of  any  denial 
of  it  from  such  a  quarter,  or  of  any  attempt  to 
sliow  it  to  bo  erroneous  by  detailed  and  measured 
cxpdrimeuts.  Mr.  Snow  Harris  ha«  recently"  de- 
scribed some  important  experiments  and  measures  ; 
hut  his  ftjiparatus  was  of  such  a  kind  that  the  com- 
parison of  tho  results  with  the  Coulombian  theory 
vraa  not  easy;  and  indeed  the  mathematical  pro- 
btcniB  which  Mr.  Harris's  combinations  offered,  re- 
quire another  Poisson  for  their  solution.  Still  the 
more  obvious  results  are  such  as  agree  with  tho 
■y,  even  in  the  cases  in  Mhicli  their  author  eon* 
I  tboni  to  be  inexplicable.  Fur  example,  he 
I  that  by  doubling  the  quantity  of  electricity  of 
idnctor,  it  attracted  a  body  with  four  times  the 
;  but  the  body  not  being  inaulated,  would  have 
"  Pliil.Tr.  1034,  P.  2. 
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its  electricity  also   doubled  Iiy  induction,  and  tbi 
tho  feet  was  what  the  theory  required. 

Though  it  18  thus  higlily  probable  that  the  Ca 
lombian  theory  of  electricity  (or  the  JEpinian,  wbifl 
in  mathematically  equivalent,)  will  stand  as  a  f 
representation  of  the  law  of  the  elementary  octioii 
we  must  yet  allow  that  it  has  not  received  tb 
complete  evidence,  by  meaus  of  experinien 
and  calculations  added  to  those  of  its  founder^ 
whicli  the  j>recedents  of  other  permanent  sciencM 
have  led  ub  to  look  for.  The  experiments  cd 
Coulomb,  which  be  used  in  the  establishment  of 
the  theory,  were  not  very  numerous,  and  they  were 
limited  to  a  peculiar  form  of  bodies,  namely  spherea. 
In  order  to  fonn  the  proper  se(juel  to  the  promulga* 
tion  of  this  theory,  to  give  it  a  full  confiiinatiott,  aoft 
to  ensure  its  general  reception,  we  ought  to  baW 
experiments  more  numerous  and  more  varied  (such 
ne  those  of  Mr.  Harris  are)  shown  to  agree  in  all 
respects  with  results  calculated  from  tho  theory.  . 
This  would,  as  we  have  said,  be  a  task  of  labour  an^ 
difficulty ;  but  tlie  person  who  shall  execute  it  ^ 
deserve  to  be  considered  as  one  of  the  real  founda 
of  the  true  doctrine  of  electricity.  To  show  thri 
the  coincidence  between  theory  and  observEtioi 
which  has  already  been  proved  for  spherical  condih 
tors,  obtains  also  for  bodies  of  other  forms,  will  boi 
step  in  electricity  analogous  to  what  was  done  t^ 
astrouomy,  when  it  was  ebown  that  the  law  of  j 
vitation  applied  to  comets  as  well  as  to  planets. 
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lut  although  we  consider  the  views  of  jilpinus  or 
Coulomb  in  a  very  high  degree  probable  as  a  formal 
theory,  the  question  is  very  different  when  we  come 
examine  them  as  a  physical  theory ; — that  is,  when 
inquire  whether  there  really  is  a  material  electric 
fluid  or  fluids. 

Question  of  One  or  Two  Fluids. — In  the  first  place 
as  to  question  whether  the  fluids  are  one  or  two ; — 
Coulomb's  introduction  of  the  hypothesis  of  two 
fluids  has  been  spoken  of  as  a  reform  of  the  theory 
jrf^pinus;  it  would  probably  have  been  more  safe 
pfthave  called  his  labours  an  advance  in  the  calcula- 
'tion,  and  in  the  comparison  of  hypothesis  with  expe- 
riment, than  to  have  used  language  which  implied 
that  the  question,  between  the  rival  hypotheses  of 
one  or  two  fluids,  could  be  treated  as  settled.  For, 
in  reality,  if  we  assume,  as  iEpiniis  does,  the  mutual 
repulsion  of  all  the  jmrticles  of  matter,  in  addition 
to  the  repulsion  of  tlie  particles  of  the  electric  fluid 
for  one  another  and  their  attraction  for  the  particles 
of  matter,  the  one  fluid  of  j^pinus  will  give  exactly 
the  same  results  as  the  two  fluids  of  Coulomb.  The 
mathematical  formula;  of  Coulomb  and  of  Poisson 
express  the  conditions  of  the  one  case  as  well  as  of 
the  other;  the  interpretation  only  being  somewhat 
different.  The  place  of  the  forces  of  the  resinous 
fluid  is  supplied  by  the  excess  of  the  forces  ascribed 
e  matter  above  the  forces  of  the  fluid,  in  the 
where  the  electric,  fluid  is  deficient, 
e  obvious  argument  against  this  hyjiothesia  is, 
we  ascribe  to  the  particles  of  matter  a  mutual 
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repulsion,  hi  addition  to  th?  muttml  attraction  of 
universal  gmvitAtion,  nnd  that  this  appears  incon- 
gruous. Acconlingly,  .F.piniia  sbts.  that  when  ha 
was  first  drivtm  to  this  proposition  it  horrified  him'** 
But  wo  may  answer  it  in  thin  way  very  satisfactorily  t, 
— If  we  suppose  Ilie  mutual  repulsion  of  matter  tobft 
somewhat  less  than  tho  mutual  attraction  of  mattei 
and  electric  fluid,  it  will  follow,  as  a  consequence  of  tlrt 
hypothesis,  that  besides  all  obvious  electrical  action^ 
the  particles  of  matter  would  attract  each  other  witi 
forces  varying  inversely  as  tho  square  of  the  distance 
Thus  gravitation  itself  becomes  an  electrical  pheno. 
menon,  arising  from  the  residual  excess  of  attractioi 
over  repulsion:  and  the  fact  which  is  urged  agaloi 
the  hyjiothesis  becomes  a  continuation  of  It. 
this  consideration  the  prerogative  of  simplicity  paeiaei 
over  to  the  side  of  tho  hypothesis  of  one  fluid;  ani 
the  rival  view  appears  to  lose  at  least  all  its  snpt 
riority. 

Very  recently,  M.  Moaotti"  has  calculated  th( 
rosidta  of  the  j?ipinian  theory  in  a  for  more  complett 
manner  than  had  previously  been  performed  ;  u«in| 
Laplace's  co-efficients,  as  Poisson  had  done  for  th< 
Coulombian  theory.  He  finds  that,  from  the  suppoai- 
tion  of  a  fluid  and  of  particles  of  matter  exerdsinj 
such  forces  as  that  theorj-  assumes,  (witli  the  vei 
allo^vnble  additional    supposition  that  the  partiola 
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small  compared  with  their  dietances.)  it  follows 
that  tho  particles  would  exert  a  force,  repulsii'e  at 
the  smallest  (listaiicos,  a  little  further  on  vanishing, 
afterwnrdu  attraetive,  and  at  all  sensible  distances 
attracting  in  proportion  to  the  inverse  square  of  the 
dietance.  Thus  thei-o  would  ho  a  position  uf  stable 
etinililmum  for  the  particles  at  a  very  small  distance 
from  each  other,  m  hieh  may  be,  M.  Mosotti  suggests, 
that  equilibrium  on  which  their  physical  structure 
depends.  Accorfling  to  this  view,  the  resistance  of 
bodies  to  compreswon  and  to  extension,  as  well  as 
tho  phenomena  of  statical  electricity  and  the  mutual 
gravitation  of  matter,  are  accounted  for  by  the  Fame 
hypothesis  of  a  single  fluid  or  ether.  A  theory 
which  offers  a  prospect  of  such  a  generalisation  Is 
worth  attention;  but  a  very  clear  and  comprehen- 
sive view  of  the  doctrines  of  several  sciences  is 
requisite  to  prepare  us  to  estimate  its  value  and 
probable  success. 

Question  of  i/ie  Material  Realiltf  of  Oie  Electric 
Fluid. — At  first  sight,  the  beautiful  accordance  of 
the  experiments  with  calculations  founded  u])on  the 
attractions  and  repulsions  of  the  two  hypothetical 
fluids,  persuade  us  that  the  hypothesis  must  be  the 
real  state  of  things.  But  we  have  already  learned 
that  we  must  not  trust  such  evidence  too  readily.  It 
U  a  curious  instance  of  the  mutual  influence  of  the 
histories  of  two  provinces  of  science,  but  I  think  it 
will  Iw  alloweil  to  be  jnst,  to  say  that  the  discovery 
of  tho  polarization  of  heat  has  done  much  to  shako 
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le  theory  of  the  electric  fluids  as  a  physical  reality. 
For  the  doctrine  of  a  materia!  caloric  appeared  to  be 
proved  (from  the  laws  of  couduction  and  radiation) 
by  the  same  kind  of  mathematical  evidence  (the 
■agreement  of  the  laws  respecting  the  elementary 
tuitions  with  those  of  fluids.)  ivhich  we  have  for  the 
doctrine  of  material  electricity.  Yet  we  now  seem 
to  see  that  heat  cannot  he  matter,  since  its  rays  have 
Bidee,  in  a  manner  in  which  a  stream  of  particles  of 
matter  cannot  have  them,  without  inadmissible 
hypotheses.  We  see,  then,  that  it  will  not  be  con- 
trary to  precedent,  if  our  electrical  theory  repre- 
senting with  perfect  accuracy  the  laws  of  the  actions, 
in  all  their  forms,  simple  and  complex,  should  yet 
be  fallacious  as  a  view  of  the  caiisc  of  the  actions. 

Any  true  view  of  electricity  must  include,  or  at 
least  be  consistent  with,  the  other  classes  of  the 
phenomena,  as  well  as  this  statical  electrical  action; 
BUch  as  the  conditions  of  excitation  and  retention  of 
electricity ;  to  which  we  may  add,  the  connexion  of 
electricity  with  magnetism  and  with  chemistry; — a 
vast  field,  as  yet  dimly  seen.  Now,  even  with  regard 
to  the  simplest  of  these  questions,  the  cause  of  the 
retention  of  electricity  at  the  surface  of  hodiea,  it 
appears  to  be  impossible  to  maintain  CouloniVs 
opinion,  that  this  is  effected  by  the  resistance  of  air 
to  the  passage  of  electricity.  The  other  (jucstiooa 
are  such  as  Coulomb  did  not  attemjit  to  touch ;  they 
refer,  indeed,  principally  to  laws  not  suspected  at  his 
.time.    How  wide  and  profound  a  theory  must  be 
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[lich  deals  worthily  with  these,  we  shall  obtain 
some  indications  in  the  eueceeding  part  of  our 
history. 

But  it  may  be  said  on  the  other  side,  that  we 

have  the  evidence  of  our  senses  for  the  reality  of  an 

electric  fluid ; — we  nee  it  in  the  spark ;  we  hear  it 

in  the  explosion ;  we  feel  it  in  the  shock ;  and  it 

produces  the  effects  of  mechanical  violence,  piercing 

I  tearing  the  bodies  through  which  it  passes.    And 

?  who  are  disposed  to  assert  a  real  fluid  on  such 

■ounds,  may  appear  to  be  justified  in  doing  so,  by 

one  of  Newton's  "  Itules  of  Philosophizing,"  in  which 

^lie  directs  the  pliilosopher  to  assume,  in  his  theories, 

^Ejhpatises  which  are  true."     The  usual  interpretation 

^^H  a  "  vera  causa,"  has  been,  that  it  implies  causes 

^^^piich,  independently  of  theoretical  calculations,  are 

^^Bioini   to   exist    by   their   mechanical    effects;    as 

^^^imvity  was  familiarly  known  to  exist  on  the  earth, 

before  it  was  extended  to  the  heavens.     The  electric 

fluid  might  seem  to  be  such  a  vera  causa. 

►To  this  I  should  venture  to  reply,  that  this 
UonJDg  shows  how  delusive  the  Newtonian  rule, 
BO  interpreted,  may  be.  For  a  moment's  considera- 
tion will  satisfy  us  that  none  of  the  circumstances, 
above  adduced,  can  really  prove  material  currents, 
rather  than  vibrations,  or  other  modes  of  agency. 
The  spark  and  shock  are  quite  insufficient  to  supply 
such  a  proof.  Sound  is  vibrations, — light  is  vibra- 
tions ;  vibrations  may  affect  our  nerves,  and  may 
ud  a  body,  as  when  glasses  are  broken  by  sounds. 


Therefore  nil  these  siippoHed  inilicatloiiK  of  the  rrality 
of  the  electric  fluid  are  utterly  fiillaeioufi.  In  Imtb, 
tliis  mode  of  apitlying  Newton's  nde  consigtn  in' 
elevating  our  first  rude  Hnd  unscientific  impree^ioua 
into  a  mijircniivey  over  tlm  results  of  calculation, 
generalisation,  ami  systematic  iiuUietion". 

Thus  our  conclusion  with  regard  to  this  subject  i^ 
that  if  wo  wiNli  to  form  a  stahle  i)hy8ieal  theory  of 
electricity,  we  must  take  into  account,  not  only  the 
laws  of  statical  electricity,  which  m'g  have  been 
chiefly  conBidcring,  but  the  lawa  of  other  kinds  of 
agency,  different  from  the  electric,  but  connected 
with  it.  For  the  electricity  of  which  we  hava 
hitherto  spoken,  and  which  is  commonly  excited  hf 
friction,  in  identical  with  galvanic  action,  which  is 
result  of  chemical  combinations,  and  belongs  to 
chenncal  jiliilosophy.  The  connexion  of  these  dif- 
ferent kinds  of  electricity  with  one  another  leads  ui 
into  A  new  domain  ;  but  we  must,  in  the  first  place, 
consider  their  raechauical  laws.  We  now  proceed 
to  another  branch  of  the  same  subject,  Magnetism. 

"  1  have  glren  an  Qocount  of  tlie  Idatory  ami  ovidence  of  tlit 
Theory  of  Elcolricity  in  the  Reports  of  ihc  British  AiBociatioa 
for  1835.  I  may  seem  tlierc  to  have  epoken  more  favourably  of 
the  Tlieory  as  n  Physical  llieoiy  tlian  I  have  done  here.  Thta 
differtnoe  u  prineipall;  due  to  a  consideration  of  the  prewnt 
i(  of  llie  theory  of  lieat. 
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Effioe,  ut  interea  ferm  munerm  militiai 
Per  maria  ac  terras  omneis  sopita  quiescant. 
Nam  ta  sola  potes  tranqoilla  pace  juvare 
Mortales;  quoniam  b^li  fera  mnnera  Mavors 
Armipotens  regit,  in  gremium  qui  ssepe  tuum  se 
Rejicit,  a?temo  devictus  vulnere  amoris ; 
Atqne  ita  sospicieiis  tereti  cervice  reposta, 
Pascit  amore  avidos  inhians  in  te,  Dea,  visus, 
Eqne  tuo  pendet  resupini  spiritns  ore. 
Hnnc  tu,  Diva,  tno  recubantem  corpore  sancto 
Circumfusa  super,  suaves  ex  ore  loquelas 
Funde,  petens  pladdam  Romanis,  incluta,  pacem. 

LUCRET.  L  31. 


O  charming  Goddess,  whose  mysterious  sway 
The  unseen  hosts  of  earth  and  sky  obey; 
To  whom,  though  cold  and  hard  to  all  besides, 
The  Iron  Grod  by  strong  affection  glides. 
Flings  himself  eager  to  thy  close  embrace. 
And  bends  his  head  to  gaze  upon  thy  face; 
Do  thou,  what  time  thy  fondling  arms  are  thrown 
Around  his  form,  and  he  is  all  thy  own. 
Do  thou,  thy  Rome  to  save,  thy  power  to  prove. 
Beg  him  to  grant  a  boon  for  thy  dear  love ; 
Beg  him  no  more  in  battle  fields  to  deal. 
Or  crush  the  nations  with  his  mailed  heel. 
But,  touched  and  softened  by  a  worthy  flame. 
Quit  sword  and  spear,  and  seek  a  better  fame. 
Bid  him  to  make  all  war  and  slaughter  cease, 
And  ply  his  genuine  task  in  arts  of  peace ; 
And  by  thee  guided  o'er  the  trackless  surge. 
Bear  wealth  and  joy  to  ocean's  farthest  verge. 


Discovery  of  Laws  of  Maoxetic  Phenomena. 


The  history  of  ma^etism  is  in  a  great  degree 
similar  to  that  of  electricity,  and  many  of  the  same 
persons  were  employed  in  the  two  trains  of  research. 
The  general  fact,  that  the  magnet  attracts  iron,  was 
nearly  all  that  was  known  to  the  ancients,  and  is 
frequently  mentioned  and  referred  to ;  for  instance, 
by  Pliny,  wlio  wonders  and  declaims  concerning  it, 
in  his  usual  exaggerated  style'.  The  writers  of  the 
stationary  period,  in  this  subject  as  in  others,  em- 
ployed themselves  in  collecting  and  adorning  a 
number  of  extravagant  tales,  which  the  slightest 
reference  to  experiment  would  have  disproved;  as 
for  example,  that  a  magnet,  when  it  has  lost  its  virtue, 
has  it  restored  by  goat's  blood.  Gilbert,  whose  work 
De  Magnete  we  have  already  mentioned,  speaks  with 
becoming  indignation  and  pity  of  this  bookish  folly, 
and  repeatedly  asserts  the  paramount  value  of  expe- 
riments. Ho  himself,  no  doubt,  acted  up  to  his  own 
precepts;  for  bis  work  contains  all  the  fundamental 
of  the  science,  so  fully  examined  indeed,  that 
at  this  day  we  have  little  to  add  to  them. 
Thus,  in  his  first  Book,  the  subjects  of  the  third, 
fourth,  and  fifth  Chapters  are, — that  the  magnet  has 
poles, — that  we  may  call  these  poles  the  north  and 


^^  prece 


'  Hiat.  HaX.  lib.  xixvi.  c.  25. 
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tlie  south  pole, — that  in  two  magnets  the  north  pole 
of  each  attracts  the  south  pole  and  repels  the  norih 
pole  of  the  other.  This  is,  indeed,  the  cardinal  fact 
on  which  our  generalisations  rest;  and  the  reader 
will  pcrcclvo  at  ouce  it«  resemblauce  to  tbe  IoadIn|^ 
phenomen.i  of  statical  electricity. 

But  the  doctrines  of  magnctlBm,  like  those  of  heat, 
have  an  additional  claim  on  our  notice  from  thfl 
manner  in  which  they  are  exemplified  in  the  gioht 
of  the  earth.  The  suhject  of  tcnvslriaf  maifnetisn 
forms  a  very  important  addition  to  the  general  fticb 
of  mngnctie  attraction  and  repulsion.  The  property 
nf  the  magnet  by  whicli  it  directs  its  poles  exactly 
or  nearly  north  and  south,  when  once  diseorerei 
was  of  immense  importance  to  the  mariner.  It  doa 
not  appear  easy  to  trace  Mith  certainty  the  period  ol 
this  discorary.  Passing  over  certain  legends  of  thfl 
Chinese,  as  at  any  rate  not  bearing  upon  the  progresi 
of  European  science',  the  earliest  notice  of  this  pre 
]ierty  appears  to  he  contained  in  the  Poem  of  Guyot 
do  I*rovencc,  who  describes  the  needle  M  beio| 
mngnetlzcil,  and  then  jdaced  in  or  on  a  st 
(floating  on  water,  as  I  presume:) 

Puis  w  tome  In  poinlc  toiito 
Centre  ru^toile  sans  doute ; 

tliat  is,  it  turns  towards  the  pole-star.  Tliis  account 
would  make  the  knowledge  of  this  property  in 
Europe  auterior  to  1200.     It  waa  afterwards  fouud' 

'  ICuc.  Met.  Magn.  p.  "36. 

'  Before  lH&i.    Knc.  M*t.  p.  73? 
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-llMt    the    needle    does   not    point   exactly  toM'ards 
tlio   north ;    Oilbert  was   aware  of   this  deviation, 
whicli  he  calls  the  mnafion,  and  also,  that  it  ii  dif- 
^^ttcut    in    difFen-nt    places'.      He    maintained    on 
^Hlwon^ticftl  principles  al^o',  that  at  the  same  placo 
"the  variation  is  constant;  probably  in  Lis  time  there 
were  not  any  recorded  observations  by  which  the 
truth  of  this  assertion  could  be  tested  ;  it  wan  after- 
wards found  to  bo  false.     The  alteration  of  the  vari- 
ation in  proceeding  from  one  place  to  another  was, 
it  will  be  recollected,  one  of  the  circumstances  which 
moet  alanned  the  companions  of  Columbus  in  1402. 
Gilbert  says',  "  Otlicr  learned  men  have,    in  long 
tiavigatiooA,  observed    the    ditFerences  of  mag;netic 
Tariation,  as  Thomas  Ilariot,  Robert  IIuch,  Edward 
Wright,  Abraham  Kendall,  all  Englishmen :  others 
'      ha^"e  invented  magnetic  iustruments  and  convenient 
■  JIlMKles  of  observation,  such  as  are  re(]utsite  for  those 
^^BAo  take  long  voyageiii,  m  AViltiam  Borough  in  his 
H^^6ok  concerning  the  variation  of  the  compass.  "Wil- 
liam Barlo  in  his  supplement,  William  Norman  in 
lib  '  New  Attractive'     This  is  that  Roltert  Norman 
Ky»good  seaman  and  an  ingenious  artificer,)  who  first 
^HjUlco%'cro(l  the  dip  of  magnetic  iron."     This  impor- 
^*  ttat  diseowry  was  made'  in  1676.     From  the  time 
when  tho  ditfrrence  of  the  variation  of  the  compass 
in  different  places  became  known,  it  was  important 
k  tuuinera  to  register  the  variation  in  all  jtarts  of 
)  world.    HttUoy  vrm  ai>pointed  to  tho  command 
I  iiiip  in  Hie  Royal  Naty  by  tho  government  of 

'  DcMi>6:iHe,lil>-'v.  c.  1. 
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William  and  Mary,  with  orders  "  to  seek  by  observa- 
tion the  discovery  of  the  rule  for  the  variation  of  t\u 
compass."  He  published  Magnetic.  Charts,  which 
have  been  since  corrected  and  improved  by  variouB 
persons.  The  most  recent  are  those  of  Mr.  Yates 
in  1817,  and  of  Hansteen.  The  dip,  as  well  as  the 
variation,  was  found  to  be  different  in  different  placea. 
M.  Humboldt,  in  the  course  of  his  travels,  collected 
many  such  observations.  And  both  the  observation* 
of  variation  and  of  dip  seemed  to  indicate  that  tha 
earth,  as  to  its  effect  on  the  magnetic  needle,  may, 
approximately  at  least,  be  considered  as  a  magnet, 
the  poles  of  which  are  not  for  removed  from  the 
earth's  polea  of  rotation.  Thus  we  have  a  magneHe 
eqitattM;  in  which  the  needle  has  no  dip,  and  which 
does  not  deviate  far  from  the  earth's  equator ; 
although,  from  the  best  observations,  it  appears  to  bo 
by  no  means  a  regular  circle.  And  the  phenomena^ 
both  of  the  dip  and  of  the  variation,  in  high  northern 
latitudes,  appear  to  indicate  the  existence  of  a  pole 
below  the  tiurface  of  the  earth  to  the  north  of  Hud- 
son's Bay.  In  his  second  remarkable  expedittoi 
into  those  regions  Cajitaiu  Iloss  is  supposed  to  hav( 
reached  the  place  of  this  pole;  the  dipping-needl< 
there  pointing  vertically  downwards,  and  the  vart 
ation-compaas  turning  towards  this  point  in  thi 
adjacent  regions.  Wo  shall  hereafter  have  to  con 
sider  the  more  complete  and  connected  views  wliicl 
have  been  taken  of  terrestrial  magnetism. 

In  1633,  Gellibrand  discovered  that  the  variatioi 
is  not  constant,  as  Gilbert  imagined,  hut  that  at 
I  liOMlon  it  had  diminiahe^t  from,  eleven  degreei 


iloSO,  to  four  degrees  in  1633.     Since  that  time 

t  variation  has  become  more  and  more  westerly ; 
now  about  twenty-five  degrees  west,  and  the 
'needle  is  supposed  to  have  begun  to  travel  east- 
ward again. 

The  next  important  fact  which  appeared  with 
respect  to  terrestrial  magnetism  was,  that  the  posi- 
tion of  the  needle  is  subject  to  a  small  diurnal  vari- 
ation :  this  was  discovered  in  1722  by  Graham,  a 
philosophical  instrument-maker  of  London.  The 
daily  variation  was  established  by  one  thousand  ob- 
servations of  Graham,  and  confirmed  by  four  thou- 
sand more  made  by  Canton,  and  is  now  considered  to 
be  out  of  dispute.  It  appeared  also,  by  Canton's  re- 
Eearcbes,  that  the  diurnal  variation  undergoes  an 
annual  inequality,  being  nearly  a  quarter  of  a  degree 
in  June  and  July,  and  only  half  that  quantity  in 
December  and  January. 

Having  thus  noticed  the  principal  facts  which 
belong  to  terrestrial  magnetism,  we  must  return  to 
the  consideration  of  those  phenomena  which  gra- 
dually led  to  a  consistent  magnetic  theory.  Gilbert 
observed  that  both  smelted  iron  and  hammered  iron 
have  the  magnetic  virtue,  though  in  a  weaker  degree 
than  the  magnet  itselp,  and  he  asserted  distinctly 
that  the  magnet  is  merely  an  ore  of  iron,  (lib.  i.  c- 16, 
Quod  magnes  et  vena  ferri  idem  sunt.)  He  also 
I  the  increased  energy  which  magnets  acquire 

(^bdng  armed;    that  is,   fitted   with    a   cap  of 
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polished  iron  at  eaeh  pble*.  But  we  do  not  find  till 
a  later  period  anj  notice  of  the  distinction  which 
exists  between  the  magnetical  properties  of  soft 
iron  and  of  hard  steel; — ^the  latter  being  stiseep- 
tible  of  being  formed  into  aHifidal  magfuets^  with 
peimanent  poles;  ^hile  sbft  iron  is  oilly  pa$sitely 
magnetici  receiving  a  temporary  polaritj  fh>m  the 
action  of  a  magnet  near  it,  but  losing  this  t)rdpertj' 
when  the  magnet  is  remored.  About  the  middle  of 
the  last  cfentuiy,  various  methods  werfe  devised  of 
making  artificial  magnets,  which  exceeded  in  powet 
all  magnetic  bodies  previously  known. 

The  remaining  experimental  reseltrches  had  so 
close  an  historical  connexion  with  the  theory^  that 
they  will  be  best  considered  along  with  it^  atid  to 
that,  therefore,  we  now  proceed. 

•  Lib.  ii.  c.  17. 


Theori/  of  Magnetic  Action. — The  assumption  of  a 
fluid,  as  a  mode  of  explaining  the  phenomena,  was 
far  less  obvious  in  magnetic  than  in  electric  cases, 
Tct  it  was  Soon  arrived  at.  After  the  usual  philo- 
sophy of  the  middle  ages,  the  "forms"  of  Aquinas, 
the  "  efflux"  of  Cusanus,  the  "  vapours"  of  Costaius, 
and  the  like,  which  are  recorded  by  Gilbert',  wc  have 
his  own  theory,  which  ho  also  expresses  by  ascribing 
the  fflects  to  a  "formal  efficiency;" — a.  "form  of 
primary  globes;  the  proper  entity  and  existence  of 
theit  h4)raogeneoua  parts,  which  we  may  call  a  pri- 
mary and  radical  and  astitil  form  :" — of  which  foi-ms 
there  h  one  in  the  sun,  one  in  the  moon,  one  in  the 
earth,  the  latter  being  the  magnetic  virtue. 

Without  attem])ting  to  analyse  the  precise  import 
of  these  expressions,  we  may  proceed  to  Descartes'a 
esptanation  of  magnetic  phenomena.  The  mode  in 
which  he  presents  this  subject'  is,  perhaps,  the  most 
jiersuasive  of  his  physical  attempts.  If  a  magnet  be 
placed  mnong  iron  filings,  those  arrange  themselves 
i  Ctirve  lines.  wTiicdi  jiroceed  from  one  jjole  of  the 
rnet  to  the  other.  It  was  not  difficult  to  con- 
•  these  to  be  the  traces  of  currents  of  ethereal 
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matter  which  circulate  through  the  magnet,  a.ni 
which  are  thus  rendered  sensible  even  to  the  eya 
When  phenomena  could  not  be  explained  bj- 1 
of  one  vortex,  several  were  introduced.  Thr« 
Memoirs  on  magnetism,  written  on  such  principle^ 
had  the  prize  adjudged"  by  the  French  Academy  of 
Sciences  in  1746. 

But  the  Cartesian  philosophy  gradually  declined  J 
and  it  was  not  difficult  to  show  that  the  niagnetic 
curves,  as  M-ell  as  other  phenomena,  would,  in  feci; 
result  from  the  attraction  and  repiUsion  of  two  polea 
The  analogy  of  magnetism  with  electricity  was  si 
strong  and  clear,  that  similar  theories  were  naturaUjf 
proposed  for  the  two  sets  of  facts ;  the  distinction  o 
bodies  into  conductors  and  electrics  in  the  one  case* 
corresponding  to  the  distinction  of  soft  iron  and  hard 
steel,  in  their  relations  to  magnetism,  .^ilpinus  pub 
lished  a  theory  of  magnetism  and  electricity  at  t 
same  time  (1759);  aud  the  former  theory,  like  thl 
latter,  explained  the  phenomena  of  the  opposite  pole 
as  results  of  the  excess  and  defect  of  a  "  maguetij 
fluid,"  which  was  dislodged  and  accumulated  in  thfl 
ends  of  the  body,  by  the  repulsion  of  its  own  |>articleeL 
and  by  the  attraction  of  iron  or  steel,  as  in  the  c 
of  induced  electricity.  The  .^pinian  theory  of  n 
netism,  as  of  electricity,  was  recast  by  Coulomb,  an 
presented  in  a  now  shape,  with  two  fluids  instead  ( 
one.  But  before  this  theory  was  reduced  to  calculi 
tion,  it  wan  obviously  desirable,  in  the  first  place, 
determiuo  the  law  of  force. 

•  (■,.iil..ml.,  I7tin,  p.  482. 
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In  magnetic,  as  in  electric  action,  the  determina- 
tion of  the  law  of  attraction  of  the  particles  was 
attended  at  first  with  some  difficulty,  because  the 
action  whicli  a  finite  magnet  exerts  is  a  compound 
result  of  the  attractions  and  repulsions  of  many 
points.  Newton  had  imagined  the  attractive  force  of 
magnetism  to  be  inversely  as  the  cube  of  the  distance  ; 
but  Mayer  in  1760,  and  Lambert  a  few  years  later, 
asserted  the  law  to  be,  in  this  as  in  other  forces,  the 
inverse  square.  Coulomb  has  the  merit  of  having 
fi«t  clearly  confirmed  tliis  law,  by  the  use  of  his 
toreion-balance*.  He  established,  at  the  same  time, 
other  very  important  facts ;  for  instance,  "  that  the 
directive  magnetic  force,  which  the  earth  exerts  upon 
a  needle,  is  a  constant  quantity,  iiarallel  to  the  mag- 
netic meridian,  and  passing  through  the  same  point 
of  the  needle  whatever  be  its  position."  This  was 
the  more  important,  because  it  was  necessary,  in  the 
first  place,  to  allow  for  the  efifect  of  the  terrestrial 
force,  before  the  mutual  action  of  the  magnets  could 
be  extricated  from  the  phenomena'.  Coulomb  then 
proceeded  to  correct  the  theory  of  magnetism. 

Coulomb's  reform  of  the  ^pinian  theor\%  in  the 
of  magnetism,  as  in  that  of  electricity,  substi- 
two  fluids  (an  austral  and  a  boreal  fluid,)  for 
the  single  fluid  ;  and  in  this  way  removed  the  neces- 
sity under  which  ^pinus  found  himself,  of  supposing 
al)  the  particles  of  iron  and  steel  and  other  magnetic 
bodies  to  have  a  peculiar  repulsion  for  each  other, 
ly  equal  to  their  attraction  for  the  magnetic 
A.  P.  1784,  2d  Mem.  p.  593.  '  p.  003. 


^^  Coi 
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fluid-  But  ill  the  case  of  magnctiBru.  auother  modi- 
fication was  iiecessaiy.  It  was  imiiossible  to  Hup 
[lose  here,  as  in  tlio  eteclrica!  jilienninena.  that  oat 
of  tlie  fluids  was  accuuiulatc'd  on  one  extremity  c 
R  body,  and  tho  otlicr  fluid  on  the  otiier  extremity: 
for  though  this  might  aiijiear,  at  first  sight,  to  be  thi^ 
caeo  in  a  moj^nctir  needle,  it  wab  fbuud  that  wh 
the  nuodlfi  was  eut  into  two  halveij,  the  lialf  in  whiofai 
theauEtral  fluid  had  seemed  to  predominate,  ncquirei 
immediately  a  bureal  pole  opposite  to  its  austral  poii) 
and  a  similar  eflbct  foUonved  in  the  other  half.  TI14 
same  is  true,  into  however  many  parts  the  magaetif 
body  be  cut.  The  way  in  which  Cmilomh  modified  tin 
theorj-  so  as  to  reconeilo  it  with  such  facts,  is  gitnpb 
and  mtisfaotory.  He  supposet;'  the  magnetic  body 
to  be  made  up  of  "  moleeides  or  integral  parts,"  oit 
as  tliey  were  afterwards  called  by  M.  Poiseoiii 
"  magnetic  elements."  In  eaeh  of  these  element! 
{which  are  extremely  minute.)  the  fluids  can  bi 
separated,  so  that  each  element  has  an  anetral  and  I 
boreal  pole;  but  the  aubtral  polo  of  an  elemeni 
which  is  adjacent  to  the  boreal  jHile  of  tite  next 
neutralises,  or  nearly  neutralises,  its  efleet ;  en  tha 
the  sensible  magnetism  appears  only  towards  till 
extremities  of  the  body,  as  it  would  do  if  the  fluidi 
could  permeate  the  body  freely.  We  shall  ban 
exactly  the  same  result,  as  to  sensible  niagnetie  fore 
on  the  one  supposition  and  on  the  other,  as  Coulow 
showed '. 
The  theory,  thus  freed  from  manifest  ineongruitiM 
'  A.  1'.  1781),  r- 40H.  =  p.  i»3. 


proi 


to  be  reduced  to  palciilatioii.  and  cnnipai'ed 
itb  theory;  Ihie  was  done  in  Coulomb's  Seventh 
temoir".  The  difficulties  of  calculation  in  this,  as 
in  the  eleetrie  problem,  could  not  be  entirely  sur- 
mounted by  the  analysii*  of  Coulomb ;  but  by  various 
axtificos,  he  obtained  theoretically  the  relative  amount 
of  maj<netism  at  several  points  of  a  needle*,  and  the 
proposition  that  the  directive  force  of  the  earth  on 
lilar  needles  saturated  with  magnetism,  was  as 
cube  of  tlieir  dimensions;  conclusions  which 
agreed  irith  experiment. 

Tlie  ag^reement  thus    obtained  was  sufficient  to 
give  a  great  probability  to  the  theory;  but  an  im- 
provement of  the   methods   of    calculation,    and  a 
lepetition  of  experiments,  was,  in  this  as  in  other 
m,  desirable,  ns  a  confirmation  of  the  labours  of 
original  theorist.     These  requisites,  in  the  course 
time,  were  supplied.     The  researches  of  Laplace 
Le   Gendre    on    the    figure  of  the    earth  had 
wo  have  already  stated,)  introduced  some  very 
iliar  analytical    artifices,   applicable  to  the   at- 
iions    of  spheroids ;    and    these    methods    were 
nployed  by  Biot  in  1811,  to  show  that  on  an  ellip- 
sphitroid,  the  thickness  of  the  fluid  in  the  direc- 
of  the  radius  would  be  as  the  distance  from  the 
But  the  Bubjeet  was  taken  up  in  a  more 
ipletu  manner  in  1824  by  M.  Poissou.  who  ob- 
general    expressions    for    the  attractions  or 
ions  of  a  body  of  any  form  whatever,  mag- 
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netised  by  influence,  upon  a  given  point ;  and  in  the: 
case  of  spherical  bodies  was  able  completely  to  solvi 
the  equations  which  determine  these  forces". 

Previously  to  these  theoretical  investigations,  Mr. 
Barlow  had  made  a  series  of  experiments  on  tb6 
effect  of  an  iron  sphere  upon  a  compass  needle;  and 
had  obtained  empirical  formula;  for  the  amount  of  the 
deviation  of  the  needle,  according  to  its  dependence 
upon  the  position  and  magnitude  of  the  sphere.  He 
afterwards  deduced  the  same  formula  from  a  theoiy 
which  was,  in  fact,  identical  with  that  of  Coulombji 
but  which  he  considered  as  different,  in  that  it  sup 
posed  the  magnetic  fluids  to  be  entirely  collected  a( 
the  surface  of  the  sphere.  He  bad  indeed  found,  \ 
experiment,  that  the  surface  was  the  only  part  i 
which  there  was  any  sensible  magnetism ;  and  tha 
a  thin  shell  of  iron  would  produce  the  same  effect  s 
a  solid  ball  of  the  same  diameter. 

But  this  was,  in  fact,  a  most  complete  verificatioi 
of  Coulomb's  theory.  For  though  that  theory  i 
not  suppose  the  magnetism  to  Ije  collected  solely  a 
the  surface,  as  Mr.  Barlow  found  it,  it  followed  froa 
the  theory,  that  the  sensible  magnetic  intensif 
assumed  the  same  distribution  as  if  the  fluids  couli 
permeate  the  whole  body,  instead  of  the  "  magneti 
elements"  only.  Cotilomb,  indeed,  had  not  express! 
noticed  the  result,  that  the  sensible  magnetis] 
would  be  confined  to  the  surface  of  bodies ;  but  I 
had  found  that,  in  a  long  needle,  the  magnetic  flui 
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it  be  supposed  to  be  concentrated  very  near  the 
extremities,  just  as  it  is  in  a  long  electric  body.  The 
theoretical  confirmation  of  this  rule  among  the  other 
consequences  of  the  theorj',  that  the  sensible  mag- 
netitim  would  be  dispersed  at  the  surface, — was  one 
of  the  results  of  Poisson's  analysis.  For  it  appeared 
that  if  the  sum  of  the  electric  elements  was  equal 
to  the  whole  body,  there  would  be  no   difference 

'een  the  action  of  a  solid  sphere  and  a  very  thin 


We  may,  then,  consider  the  Coulombian  theory  to 
be  fully  established  and  verified,  as  a  representation 
of  the  laws  of  niagnetical  phenomena.  We  may 
aiJd,  as  a  remarkable  and  valuable  example  of  an 
ulterior  step  in  the  progress  of  sciences,  Mr,  Bar- 
low's application  of  his  experimental  discovery  of 
the  superficial  distribution  of  magnetism  to  the  pur- 
poses of  navigation.  It  had  been  found  that  the 
mass  of  iron  which  exists  in  a  ship  produces  a  devia- 
tion in  the  direction  of  the  compass-needle,  which 
termed  "  local  attraction,"  and  which  rendered 

compass  an  erroneous  guide.  Mr.  Barlow  showed 
that  this  might  be  corrected  by  a  plate  of  iron  placed 
near  the  compass ;  the  plate  being  of  comparatively 
small  mass,  but,  in  consequence  of  its  expanded  form, 
and  its  proximity  to  the  needle,  of  equivalent  effect 
to  the  disturbing  cause.     This  practical  application  of 

theoiy  was  found  to  be  quite  successful. 

we  have  still  to  trace  the  progress  of  the 

iry  of  terrestrial  magnetism. 
Theory    of    Terrestrial  MapieUsin. — Gilbert  had 
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begun  a  plausible  course  of  ejieculation  on  tW 
point,  f  We  must  reject,"  he  says",  "  in  the  fin 
place,  that  vulgar  opinion  of  recent  writeni  concent 
ing  magnetic  mountaint:,  or  a  certain  magnetic  rod 
or  an  imaginary  pole  at  a  certain  distance  from  til 
pole  of  the  eartli."  For  he  adds,  "  we  learn  b 
experience,  that  there  is  uo  such  fixed  pole  or  ten 
in  the  earth  for  the  variation."  Gilbert  describi 
the  whole  earth  ob  a  magnetic  globe,  and  attribute 
the  variation  to  the  irregular  form  of  its  protub«i 
anoo8,  the  solid  parts  only  being  magnetic.  It  wa 
not  easy  to  confirm  or  rehite  tliia  opinion,  but  othe 
hypotheses  were  tried  by  various  wTitere;  for  in 
stance,  Halley  had  imagined,  from  the  forms  of  thi 
lines  of  equal  variation,  that  there  must  be  four  mag 
netic  poles;  bnt  Euler"  showed  that  the  "  Halleiai 
lines"  would,  for  the  most  part,  result  from  the  euppd 
sition  of  two  magnetic  poles,  and  assigned  their  poal 
tion  8o  as  to  represent  jiretty  well  the  state  of  thi 
variation  all  over  the  world  in  1744.  But  the  variatioi 
vaa  not  the  only  phenomenon  wliioli  required  to  hi 
taken  into  account;  the  dip  nt  different  places,  am 
also  the  intensity  of  the  force,  were  to  he  considered. 
We  have  already  mentioned  Huniliohlt's  collection 
of  observations  of  the  dip.  These  were  examini 
by  Biot,  with  the  view  of  reducing  them  to  tin 
action  of  two  poles  in  the  supposed  terrestrial  maj 
netic  axis.  Ilanng,  at  first,  made  tlie  distance  B 
these  poles  JTom  the  centre  of  the  earth  intlefinitf 


'  Lib,  ir.  c.  i,  Dc  Varialionc. 


"Ac.  Ucrlin,  1757. 


PBOOfiBBS  OP  MAGNETIC  THEORY. 


he  found  that  his  formulaa  agreed  more  and  more 
nearly  «ith  the  obsorvationB,  as  the  polee  were 
brought  nearer;  and  that  fact  and  theory  eoineided 
tolerably  well  when  both  poles  were  at  the  centre. 
In  1809",  Kraftt  simplified  this  result,  by  showing 
that,  on  thie  supposition,  the  tangent  of  the  dip  M-as 
twice  the  tangent  of  the  latitude  of  the  place  as 
measured  from  the  magnetic  equator.  But  Ilan- 
eteen,  who  has  devoted  to  the  subject  of  terrestrial 
magnetism  a  great  amount  of  labour  and  skill,  has 
shown  that,  taking  together  all  the  obf-ervatlona 
whirlt  we  possess,  we  are  compelled  to  suppose  four 
magnetic  poles ;  two  near  the  north,  and  two  near 
the  south  polo  of  the  terrestrial  globe;  and  that 
these  poles,  no  two  of  which  are  exactly  opposite 
each  other,  are  all  in  motion,  with  diffi-rent  veloci- 
ties, pome  moving  to  the  east,  and  some  to  the  west. 
This  curious  collection  of  facts  awaits  the  hand  of 
future  theorists,  when  the  ripeness  of  time  shall 
Invite  them  to  the  task. 

The  various  other  circumstances  which  terrestrial 
letism  exhibits; — the  diurnal  and  annual  changes 
of  the  position  of  the  compass-needle; — the  larger 
secular  change  which  affects  it  in  the  course  of 
Tears ; — the  difference  of  intensity  at  different  places, 
and  other  fiicts,  have  naturally  occupied  philosophers 
with  the  attempt  to  determine,  both  the  laws  of  the 
and  their  causes.  But  these  attempts 
■ssarily  dejiend,  not  upon  laws  of  statical  magnet^ 
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ism,  such  as  they  have  been  explained  above ;  1 
upon  the  laws  by  which  the  production  and  intensity 
of  magnetism  in  different  cases  are  regulated; — laws 
which  belong  to  a  different  province,  and  are  relatei 
to  a  different  set  of  principles.  Thus,  for  examph 
we  have  not  attempted  to  explain  the  discovery  ^ 
the  laws  by  which  heat  influences  magnetism ;  an 
therefore  we  cannot  now  give  an  account  of  thoa 
theories  of  the  facts  relating  to  terrestrial  mag 
netism,  which  depend  upon  the  influence  of  ten 
pcrature.  The  conditions  of  excitation  of  magnetiai 
are  best  studied  by  comparing  this  force  ■with  otha 
cases  where  the  same  effects  are  produced  by  vei; 
different  apparent  agencies ;  such  as  galvanic  am 
thermo-electricity.  To  the  hi>itory  of  these  we  sli^ 
presently  proceed.  ■ 

Co?iclusion. — The  hypothesis  of  magnetic  fluid) 
as  physical  realities,  was  never  wdely  or  stronj^ 
embraced,  as  that  of  electric  fluids  was.  For  thongit 
the  hypothesis  accounted,  to  a  remarkable  degree  € 
exactness,  with  large  classes  of  the  phenomena,  thi 
presence  of  a  material  fluid  was  not  indicated  bj 
facts  of  a  different  kind,  such  as  the  spark,  the  tlU 
charge  from  points,  the  sliock,  and  its  mechanica 
effects.  Thus  the  belief  of  a  peculiar  niognetii 
fluid  or  fluids  was  not  forced  upon  men's  minds;  an 
the  doctrine  above  stated  was  probably  entertainei 
by  most  of  its  adherents,  chiefly  as  a  means  of  e:^ 
pressing  the  laws  of  phenomena  in  their  elementar 
form. 

One  other  observation  occurs  here.     We  haTi 
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that  the  supposition  of  a  fluid  moveable  from 
one  part  of  bodies  to  another,  and  capable  of  accu- 
mulation in  different  jiarts  of  the  surface,  appeared 
at  first  to  be  as  distinctly  authorized  by  magnetic  as 
by  electric  phenomeua ;  and  yet  that  it  afterwards  | 
appeared,  by  calculation,  that  this  must  be  con- 
Bidered  as  a  derivative  result;  no  real  transfer  of 
fluid  taking  place  except  within  the  limits  of  the 
InseDsiblc  particles  of  the  body.  Without  attempt- 
ing to  found  a  formula  of  philosophizing  on  this 
circumstance,  we  may  observe,  that  this  occurrence, 
like  the  disproof  of  heat  as  a  material  fluid,  shows 
the  possibility  of  an  hyjiothesis  which  sJiall  very 
exactly  satisfy  many  phenomena,  and  yet  be  incom- 
plete ;  it  shows,  too,  the  necessity  of  bringing  facta 
of  all  kinds  to  bear  on  the  hypothesis ;  thus,  in  this 
case  it  was  requisite  to  take  into  account  the  facts 
of  junction  and  separation  of  magnetic  bodies,  as 
well  as  their  attractions  and  repulsions. 

If  we  have  seen  reason  to  doubt  the  doctrine 
of  electric  fluids  as  physical  realities,  we  cannot 
help  pronouncing  upon  the  magnetic  fluids  as 
having  still  more  insecure  claims  to  a  material 
existence,  even  on  the  grounds  just  stated.  But 
we  may  add  considerations  still  more  decisive; 
for  at  a  further  stage  of  discovery,  as  we  shall  see, 
magnetic  and  electric  action  were  found  to  be  con- 
nected in  the  closest  manner,  so  as  to  lead  to  the 
persuasion  of  their  being  different  effects  of  one 
common  cause.  After  those  discoveries,  no  phi- 
losopher would  dream   of  assuming   electric    fluida  . 
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and  magnetic  fluids  as  distinct  material  agents.  Yet 
even  now  the  nature  of  the  dependence  of  mag- 
netism upon  any  other  cause  is  extremely  difficult 
to  conceiye.  But  till  tre  have  noticed  some  of  the 
discoYeries  to  which  we  have  alluded,  we  cannot 
even  speculate  about  that  dependence.  We  ndw^ 
thereforei  proceed  to  sketch  the  history  of  these 
diseoTeri^« 
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HISTORY  OF   GALVANISM, 


OR 


VOLTAIC  ELECTRICITY". 


PerouflBfiB  gelido  trepidant  sub  pectore  fibna, 
£t  nova  desaetis  subrepens  vita  medullis 
Miscetur  morti:  tunc  omnia  palpitat  artus 
Tenduntur  nervi;  nee  Be  tellure  cadaver 
Panllatim  per  membra  levat;  terrique  repnlfum  est 

Erectumque  simuL 

LucAV.  vL  752. 


The  form  which  lay  before  inert  and  dead, 
Sudden  a  j)iercing  thrill  of  change  overspread ; 
Betuming  life  gleams  in  the  stony  face, 
The  fibres  quiver  and  the  sinews  brace, 
Move  the  stiff  limbs : — nor  did  the  body  rise 
With  tempered  strength  which  genial  life  supplies. 
But  upright  starting,  its  full  stature  held. 
As  though  the  earth  the  supine  corM  repelled. 


Discovery  of  Voltaic  ELECTRicnr. 

We  have  given  the  name  of  mechanicthcAemical  to 
the  class  of  sciences  now  under  our  consideration ; 
for  these  sciences  are  concerned  with  cases  in  which 
mechanical  effects,  that  is,  attractions  and  repulsions, 
are  produced ;  while  the  conditions  under  which 
these  effects  occur,  depend,  as  we  shall  hereafter  sec, 
on  chemical  relations.  In  that  branch  of  these 
sciences  which  we  have  just  treated  of,  Magnetism, 
the  mechanical  phenomena  were  ohrious,  but  their 
connexion  M-ith  chemical  causes  was  by  do  meani 
apparent,  and,  indeed,  has  not  yet  come  under  our 
notice, 

Tiie  subject  to  which  we  now  proceed.  Galvanism, 
belongs  to  the  same  group,  but,  at  first  sight,  ex- 
hibits only  the  other,  the  chemical,  portion  of  the 
features  of  the  class;  for  the  connexion  of  galvanic 
phenomena  with  chemical  action  was  soon  made  out, 
but  the  mechanical  effects  which  accompany  them 
were  not  examined  till  the  examination  was  required 
by  a  new  train  of  discovery.  It  is  to  be  observed, 
that  I  do  not  include  in  the  class  of  mechanical 
Hil«Sects  the  couMilaive  motions  in  the  limbs  of  animals 
ich  are  occasioned  by  galvanic  action  ;  fur  these 
.  arc  prodoced.  not  by  attraction  and 
,  but  br  muscular  irritability;  ami  though 
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they  iudicatc  tlio  existence  of  n,  peculiar  agenc] 
cannot  be  used  to  measure  its  iutensity  and  law. 

The  various  examples  of  the  class  of  agents  wtud 
we  here  consider, — ^magnetism,  electricity,  galvanist 
electro-magnetism,    tliermo-eleetricity, — differ 
each  other  principally  in  the  circumstances  by  whid 
they  are  called  into  action ;  and  these  diflcrencee  a 
in  reality  of  a  chemical  nature,  and  will  ha™  to  1 
Qonsiderod  when  wo  come  to  treat  of  the  inductioi 
by  which  the  general  principles  of  chemical  them 
are  establi^ied.     In  the  present  part  of  oiu*  tank, 
therefore,   we  must  take  for  granted  the  chemical 
(jooditions  on  which  the  excitation  of  these  varioiu 
kiadi   of  action    depends,    and    trace    the    bisto) 
of  the  discovery  of  their  inochiuiical   la  we  onl^ 
This  rule  will  mucli  abridge  the  account  we  hxd 
here  to  give  of  the  pi-ogresa  of  discovery  in 
provinces  to  which  I  have  just  referred. 

The  Jirst  ste])  in  this  career  of  discovery  waa  thi 
made  by  Galvani,  Professor  of  Anatomy  nt  Boloj 
Itt  1780,  electricity,  as  an  experimental  science,  \ 
nearly  stationary.     The  impulse  given  to  its  pre 
by  tlio  splendid  phenomena  of  the  Leydr n  j)hial  hac 
almost  died  away ;  C'oulomb  amis  employed  iu  sys- 
teniatiaiiig  the  theory  of  the  electric  fluid,  as  sliovr 
hy  its  statical  eftects;  but  in  all  the  other  parts  of  tl 
Bulu^ti  no  great  principle  or  new  result  had  for  soi 
time  been  detected.     The  first  announcement  of  C 
vani's  discovery  iu  1 79 1  excited  great  notice,  for  it  fl 
given  forth  as  a  manifestation  of  electricity  under  J 
new*  and  remarkable  character ;  namely,  as  i 


in  the  muscles  of  animals'.  The  limbs  of  a  dissected 
tog  were  observed  to  move,  when  touched  with 
jaecea  of  two  different  metaU;  the  agent  which 
produced  these  motions  was  conceived  to  be  identified 
with  electricity,  and  was  termed  animal  electricifj/ : 
and  Gmlvani's  eTperiments  were  repeated,  with  vari- 
ous modifications,  in  all  parts  of  Europe,  exciting 
mnch  curiosity,  and  giving  rise  to  many  speculations. 
It  i«  our  bu«ine«8  to  determine  the  character  of 
Mch  great  discovery  which  appears  in  tlie  jirogress 
•eience.  Men  are  fond  of  repeating  that  stich 
iTCries  are  most  commonly  the  result  of  acci- 
;  and  wo  have  eeon  reason  to  reject  this  opinion, 
ance  that  preparation  of  thought  by  which  the  acci- 
dent pri>duces  discovery  is  the  most  important  of  the 
conditions  on  which  the  successful  event  depends. 
Such  accidents  are  like  a  spark  which  discharges 
a  gnn  already  loaded  and  pointed.  In  the  ease 
of  681^*8111,  indeed,  the  discovery  may,  with  more 
propriety  than  usual,  be  said  to  have  been  casual ; 
but,  in  the  form  in  which  it  was  first  noted,  it 
exhibiteil  i»o  imjmrtant  uovelty.  His  frog  was  lying 
OD  a  table  near  the  conductor  of  an  electrical  ma- 
chine, and  the  ronvulsions  appeared  only  when  a 
spark  was  taken  from  the  machine.  If  Gnlvani  had 
been  an  g«iod  a  physicist  as  he  was  an  anatomist,  he 
wonld  proltably  have  seen  that  the  movements  so 
occsflioned,  proved  only  that  the  muscles  or  nerves, 
or  the  two  together,  formed  a  yery  sensitive  indi- 
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cator  of  electrical  action.  It  was  when  he  produced 
such  motions  by  contact  of  metals  alone,  that  he 
obtained  an  important  and  fundamental  fact  in 
science. 

The  analysis  of  this  fact  into  its  real  and  essential 
conditions  was  the  work  of  Alexander  Volta,  another 
Italian  professor.  Volta,  indeed,  possessed  that 
knowledge  of  the  subject  of  electricity  which  made 
a  hint  like  that  of  Galvani  the  basis  of  a  new  science. 
Galvani  appears  never  to  have  acquired  much  general' 
knowledge  of  electricity :  Volta,  on  the  other  hand, 
had  laboured  at  this  branch  of  knowledge  from  the 
age  of  eighteen,  through  a  period  of  nearly  thirty 
years ;  and  had  invented  an  eledropltortis  and  an 
electrical  condenser,  which  showed  great  experimental 
skill.  When  he  turned  his  attention  to  the  expe- 
riments -made  by  Galvani,  he  observed  that  tha 
author  of  them  had  been  far  more  surprised  than  he 
needed  to  be,  at  those  results  in  which  an  electrical 
spark  was  produced  ;  and  that  it  was  oidy  in  the  cases 
in  which  no  such  ajiparatus  was  employed,  that  the 
observations  could  justly  be  considered  as  indicating 
a  new  law,  or  a  new  kind  of  electricity'.  lie  sooa 
satisfied  himself  (about  1794)  that  the  essential  con% 
ditions  of  this  kind  of  action  depended  on  the  metalaji^ 
— ^that  it  is  brought  into  play  most  decidedly  when  twtf 
different  metals  touch  each  other,  and  are  connected^ 
by  any  moist  body; — and  that  the  parts  of  animals 
which  had  been  used  discharged  tlie  office  both  of 
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»h  moist  bodies,  and  of  very  sensitive  electro- 
meters. Tlie  animal  electricity  of  Galvani  might, 
he  observed,  be  with  more  propriety  called  metallic 
electricity. 

The  recognition  of  this  agency  as  a  peculiar  kind  of 
electricity,  arose  in  fact  perhaps,  at  first,  from  the  con- 
fusion made  by  Galvani  between  the  cases  in  which 
his  electrical  machine  was,  and  those  in  which  it  waa 
not,  employed.  But  the  identity  was  confirmed  by 
its  being  found  that  the  known  difference  of  electrical 
conductors  and  non-conductors  regulated  the  con- 
daction  of  the  new  influence.  The  more  exact 
determination  of  the  relation  of  the  new  facts  to 
those  of  electricity  was  a  succeeding  step  of  the 
progress  of  the  subject. 

|The  term  "  animal  electricity"  has  been  superseded 

others,  of  which  galvanism  is  perhaps  the  most 
liar.  I  think  it  will  appear  from  what  has  been 
said,  that  Volta's  office  in  this  discovery  is  of  a  much 
higher  and  more  philosophical  kind  than  that  of 
Galvani ;  and  it  would,  on  this  account,  be  more 
fitting  to  employ  the  term  voltaic  electricity ;  which, 
indeed,  is  very  commonly  used,  especially  by  our  most 
recent  and  comprehensive  writers. 

Volta  more  fully  still  estabUshed  his  claim  as  the 
main  originator  of  this  science  by  his  next  step. 
liVhen  some  of  those  who  repeated  the  experiments 
of  Galvani  had  expressed  a  wish  that  there  was  some 
method  of  multiplying  the  effect  of  this  electricity, 
such  as  the  Leyden  phial  supplies  for  common  elec- 
tridty,  they  probably  thought  their  wishes  far  from  a 
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realisation.  But  the  voUaic  piky  which  Volta  de- 
scribed in  the  Philosophical  Transactions  for  1800, 
completely  satisfies  this  aspiration ;  and  was,  in  fieict^ 
a  more  important  step  in  the  history  of  electricity 
than  the  Leyden  jar  had  been.  It  has  since  iinder- 
gone  various  modifications,  of  which  the  most  im- 
portant was  that  introduced  by  Cruikshanks,  who* 
substituted  a  trough  for  a  pile.  But  in  all  cases  the 
principle  of  the  instrument  was  the  same ;— -e  con- 
tinued repetition  of  the  triple  combination  of  two 
metals  and  a  fluid  in  contact,  so  as  to  form  a  cirouit 
which  returns  into  itself. 

Such  an  instrument  is  capable  of  causing  effects  of 
great  intensity;  as  seen  both  in  the  production  of  light 
and  heat,  and  in  chemical  changes.  But  the  discovery 
with  which  we  are  here  concerned,  is  not  the  details 
and  consequences  of  the  effbcts,  (which  belong  to 
chemistry,)  but  the  analysis  of  the  conditions  under 
which  such  efibcts  take  place ;  and  this  we  may  con^ 
idder  as  completed  by  Volta  at  the  epoch  of  which 
we  speak. 

« FlMhtr,  Tiii.  p.  688. 


CHAPTEB  n. 


Heceptios  and  Confirmation  of  the   Discoveey 
OP  Voltaic  Electricity. 


.TANl's  experiments  excited  a  great  interest  all 
over  Europe,  in  consequence  partly  of  a  circumstance 
which,  as  we  have  seen,  was  unessential,  the  mus- 
contractions  and  various  sensations  which  they 
iioned.  Galvani  himself  had  not  only  considered 
aniraal  element  of  the  circuit  as  the  origin  of 
electricity,  but  had  framed  a  theory',  in  which 
compared  the  muscles  to  charged  jars,  and  the 
to  the  discharging  ^tires;  and  a  controversy 
for  some  time,  carried  on,  in  Italy,  bet^i'cen  the 
iSherents  of  Galvani  and  those  of  Volta*. 

Tlie  galvanic  experiments,  and  especially  those 
which  appeared  to  have  a  physiological  bearing,  were 
terified  and  extended  by  a  number  of  the  most 
actlTe  philosoithers  of  Europe,  and  especially  William 
Humboldt.  A  commission  of  the  Institute  of 
iCO,  appointed  in  1797,  repeated  many  of  the 
lOvrn  experimcntf,  hut  does  not  seem  to  have  de- 
cided any  disputed  points.  The  researches  of  this 
commission  referred  rather  to  the  discoveries  of 
Galvani  than  to  those  of  Volta:  the  latter  were, 
indeed,  hardly  known  in  France  till  the  cominest  of 
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Italy  by  Bonaparte,  in  1801.  France  was,  at  the 
period  of  these  discoveries,  separated  from  all  other 
countries  by  war,  and  especially  from  England*,  where 
Volta's  Memoirs  were  published. 

The  political  revolutions  of  Italy  aflTected,  in  very 
different  manners,  the  two  discoverers  of  whom  we 
speak.  Galvani  refrised  to  take  an  oath  of  allegiance 
to  the  Cisalpine  republic,  which  the  F^nch  conqueror 
established ;  he  was  consequently  stripped  of  all  lus 
offices ;  and,  deprived,  by  the  calamities  of  the  times, 
of  most  of  his  relations,  he  sank  into  poverty,  melan- 
choly, and  debility.  At  last  his  scientific  reputation 
induced  the  republican  rulers  to  decree  his  resto- 
ration to  his  professorial  chair ;  but  his  claims  were 
recognised  too  late,  and  he  died  without  profiting  by 
this  intended  favour,  in  1798. 

Volta,  on  the  other  hand,  was  called  to  Paris  by 
Bonaparte  as  a  man  of  science,  and  invested  with 
honours,  emoluments,  and  titles.  The  conqueror 
himself,  indeed,  was  strongly  interested  by  this  train 
of  research*.  He  himself  founded  valuable  prizes, 
expressly  with  a  view  to  promote  its  prosecution. 
At  this  period,  there  was  something  in  this  subject 
peculiarly  attractive  to  his  Italian  mind;  for  the 
first  glimpses  of  discoveries  of  great  promise  have 
always  excited  an  enthusiastic  activity  of  speculation 
in  the  philosophers  of  Italy,  though  generally  ac- 
companied with  a  want  of  precise  thought.  It  is 
narrated*  of  Bonaparte,  that  after  seeing  the  decom- 

•  Biog.  Univ.,  Art.  Volta,  (by  Biot.) 
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CONHRMATION  OF  VOLTAIC  ELECTRICITY. 

tion  of  the  salts  by  means  of  the  Toltaic  pile, 
he  turned  to  Corvisart,  his  pliysiciaii,  and  said, 
"Here,  doctor,  is  the  image  of  life;  the  vertebral 
column  is  the  pile,  the  liver  is  the  negative,  the 
bladder  the  positive,  pole."  The  importance  of 
voltaic  researches  is  not  less  than  it  was  estimated 
by  Bonaparte ;  but  the  results  to  which  it  was  to  lead 
were  of  a  kind  altogether  different  from  those  which 
thus  suggested  themselves  to  his  mind.  The  con- 
nexion of  meciianical  and  chemical  action  was  the 
first  great  point  to  be  dealt  with ;  and  for  this  pur- 
pose the  laws  of  the  meciianical  action  of  voltaic 
^j^tricity  were  to  be  studied. 

^^Hfe  will  readily  be  supposed  that  the  voltaic  re- 
^^^pchea,  thus  begun,  opened  a  number  of  interesting 
'  topics  of  examination  and  discussion.  These,  how- 
ever, it  does  not  belong  to  our  place  to  dwell  upon 
at  present ;  since  they  formed  parts  of  the  theorj'  of 
the  subject,  which  was  not  completed  till  light  had 
been  thrown  upon  it  from  other  quarters.  The 
identity  of  galvanism  with  electricity,  for  instance, 
was  at  first,  as  we  have  intimated,  rather  conjectured 
than  proved.  It  was  denied  by  Dr.  Fowler,  in  1793  ; 
was  su[>posed  to  be  confirmed  by  Dr.  Wells  two 
years  later ;  but  was,  still  later,  questioned  by  Davy. 
The  nature  of  tlie  operation  of  the  pile  was  variously 
conceived.  Volta  himself  had  obtained  a  view  of  it 
which  succeeding  researches  confirmed,  when  he 
asserted',    in    1800,  that   it    resembled  an  electric 

•  Phil.  Trans,  p.  403. 
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battery  feebly  charged  and  constantly  renewing  its 
charge.  In  pursuance  of  this  view,  the  common 
electrical  action  was,  at  a  later  period  (for  instance 
by  Ampere,  in  1820),  called  electrical  tension^  while 
the  voltaic  action  was  called  the  electrical  cttrrenty  or 
dectromotive  action.  The  different  effects  produced, 
by  increasing  the  size  and  the  number  of  the  plates 
in  the  voltaic  trough,  were  also  very  remarkable. 
The  power  of  producing  heat  was  found  to  depend 
on  the  size  of  the  plates ;  the  power  of  producing 
chemical  changes,  on  the  other  hand,  was  augmented 
by  the  number  of  plates  of  which  the  battery  con- 
sisted. The  former  effect  was  referred  to  the 
increased  quantity^  the  latter  to  the  intensity^  of  the 
dectric  fluid.  We  mention  these  distinctions  at 
present,  rather  far  the  purpose  of  explaining  the 
language  in  which  the  results  of  the  succeeding 
investigations  are  narrated,  than  with  the  intention 
of  representing  the  hypotheses  and  measures  which 
they  imply,  as  clearly  established,  at  the  period  of 
which  we  speak.  For  that  purpose  new  discoveries 
were  requisite,  which  we  have  soon  to  relate* 


jco\'EttY  OP  THE  Laws  of  the  Mutual  Attrac- 
tion AND  Repulsion  of  Voltaic  Currents. — 
Ampere. 

order  to  show  the  place  of  voltaic  electricity 
long  the-  mechanico-chemical  sciences,  we  must 
speak  of  its  luecihanical  laws  m  eeparatc  from  the 
laws  of  electro-magnetic  action ;  although,  in  fact,  it 
was  only  in  consequence  of  the  forces  which  con- 
ducting voltaic  wires  exert  upon  magnets,  that 
rtiose  forces  were  detected  which  they  exert  upon 
each  other.  This  latter  discovery  was  made  by  M. 
Am])&re ;  and  the  extraordinary  rapidity  and  sagacity 
witii  which  he  caught  the  euggestion  of  such  forces, 
from  the  electro-magnetic  experiments  of  Oersted, 
(of  which  wo  shall  speak  in  the  next  chapter.)  well 
entitle  liim  to  be  considered  aa  a  great  and  inde- 
pendent discoverer.  Aa  he  truly  says ',  "  it  by  no 
means  followed,  that  because  a  conducting  wire 
exerted  a  force  on  a  magnet,  two  conducting  wires 
must  exert  a  force  on  each  other ;  for  two  pieces  of 
t  iron,  both  of  which  affect  a  magnet,  do  not  affect 

1  other."  But  immediately  on  the  promulgation 
'  Oersted's  experiments,  in  1820,  Ampere  leapt 
■ds  to  a  general  theory  of  the  facts,  of  which 
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theory  the  mutual  attraction  and  repulsion  of  con- 
ducting voltaic  wires  was  a  fundamental  supposition. 
The  supposition  was  immediately  verified  by  direct 
trial ;  and  the  laws  of  this  attraction  and  repulsion 
were  soon  determined,  with  great  experimental 
ingenuity,  and  a  very  remarkable  command  of  the 
resources  of  analysis.  But  the  experimental  and 
analytical  investigation  of  the  mutual  action  of 
voltaic  or  electrical  currents,  was  so  mixM  up  with 
the  examination  of  the  laws  of  electro-magnetism, 
which  had  given  occasion  to  the  investigation,  that 
we  must  not  treat  the  two  provinces  of  research  as 
separate.  The  mention  in  th\p  place,  premature  as 
it  might  appear,  of  the  labours  of  Ampere,  arises 
inevitably  from  his  being  the  author  of  a  beautiful 
and  comprehensive  generalisation,  which  not  only 
included  the  phenomena  exhibited  by  the  new  com- 
binations of  Oersted,  but  also  disclosed  forces  which 
existed  in  arrangements  already  fomiliar,  although 
they  had  never  been  detected  till  the  theory  pointed 
out  how  they  were  to  be  looked  for. 


I  impulse  which  the  discovery  of  galvanism,  in 
91,  and  of  the  voltaic  pile,  in  1800,  had  given  to 
the  study  of  electricity  as  a  mechanical  science,  had 
nearly  died  away  in  1820.  It  was  in  that  year  that 
M.  Oersted,  of  Copenhagen,  announced  that  the  con- 
ducting wire  of  a  voltaic  circuit  acts  upon  a  magnetic 
needle;  and  thus  recalled  into  activity  that  endea- 
vour to  connect  magnetism  with  electricity,  which, 
though  apparently  on  many  accounts  so  hopeful,  had 
hitherto  been  attended  with  no  success.  Oersted 
found  that  the  needle  has  a  tendency  to  place  itself 
at  right  angles  to  the  wire; — a  kind  of  action  alto- 
gether different  from  any  which  had  been  suspected- 
This  observation  was  of  vast  importance ;  and  the 
analysis  of  its  conditions  and  consequences  employed 
the  best  philosophers  in  Europe  immediately  on  its 
promulgation.  It  is  impossible,  without  great  injus- 
tice, to  refuse  great  merit  to  Oersted  as  the  author 
of  the  discoverj'.  We  have  already  said,  that  men 
appear  generally  inclined  to  believe  remarkable  dia- 
coveries  to  be  accidental,  and  the  discovery  of 
1  has  been  spoken  of  as  a  casual  and  insulated 
eriment'.     Yet  Oersted  had   been  looking  for 
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such  an  accident  probably  more  carefully  and  perse- 
veringly  than  any  other  person  in  Europe.  In  1807, 
he  had  published'  a  work,  ia  which  he  professed 
that  his  purpose  was  "to  ascertain  whether  elec- 
tricity, in  its  most  latent  state,  had  any  effect  on  the 
magnet."  And  he,  as  I  know  from  his  own  declara- 
tion, considered  his  discovery  as  the  natural  sequel 
and  confirmation  of  his  early  researches ;  as,  indeed, 
it  fell  in  readily  and  immediately  vnXh  speculations 
on  these  subjects  then  very  prevalent  in  Germany. 
It  was  an  accident  like  that  by  which  a  man  guesses 
a  riddle  on  which  his  mind  has  long  been  employed 

Besides  the  confirmation  of  Oersted's  observations 
by  many  experimenters,  great  additions  were  made 
to  his  facts:  of  these,  one  of  the  most  important 
was  due  to  Ampere.  Since  the  earth  is  in  &ct 
magnetic,  the  voltaic  wire  ought  to  be  affected  by 
terrestrial  magnetism  alone,  and  ought  to  tend  to 
assume  a  position  depending  on  the  position  of  the 
compass-needle.  At  first,  the  attempts  to  produce 
this  effect  failed,  but  soon,  with  a  more  delicate 
apparatus,  the  result  was  found  to  agree  with  the 
anticipation. 

It  is  impossible  here  to  dwell  on  any  of  the  subse- 
quent researches,  except  so  far  as  they  are  essential 
to  our  great  object,  the  progress  towards  a  general 
theory  of  the  subject.  I  proceed,  therefore,  imme- 
diately to  the  attempts  made  towards  this  object. 

■  Ampere,  p.  69. 
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i 


DUCOVBKY  OF  THB   LaWB  OP  ElECTBO-MAOXETIC 

Action. 

On  attempting  to  analyze  the  clcctro-maguetic 
pheDomena  observed  by  Oersted  and  others  into 
their  bimplest  forma,  tbey  appeared,  at  least  at  iirat 
wght,  to  be  different  from  any  mechanical  actions 
which  had  yet  been  observed.  It  seemed  as  if  the 
conducting  wire  exerted  on  the  pole  of  the  magnet 
a  force  which  was  not  attractive  or  repulsive,  but 
ii-anscerse ; — not  tending  to  draw  the  point  acted  on 
nearer,  or  to  pueii  it  further  ofti  in  the  liue  which 
reached  from  the  acting  point,  but  urging  it  to  move 
at  right  angles  to  this  line.  The  forces  appeared  to 
be  Buch  as  Kepler  had  dreamt  of  in  the  infancy  of 
mechanical  conceptions ;  mther  than  such  as  thoee  of 
which  Newton  bad  established  the  existence  in  the 
Bolar  system,  and  such  as  he,  and  all  his  successors, 
had  supposed  to  be  the  only  kinds  of  force  which  exist 
ta  nature.  The  north  pole  of  the  needle  moved  as 
if  it  were  impelled  by  a  vortex  revolving  round  the 
wire  ill  one  direction,  while  the  south  pole  seemed 
to  be  driven  by  an  opposite  vortex.  The  case  seemed 
novel,  and  almost  pamdoxical. 

It  wan  soon  established  by  es]»eriments,  made  in  a 
variety  of  forms,  that  the  mechauical  action 
really  of  this  transverse  kind.     And  a  curious 
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result  was  obtained,  which  a  little  while  before  would 
have  been  considered  as  altogether  incredible ; — that 
this  force  would  cause  a  constant  and  rapid  revolu- 
tion of  either  of  the  bodies  about  the  other ; — of  the 
conducting  wire  about  the  magnet,  or  of  the  magnet 
about  the  conducting  wire.  This  was  effected  by 
Mr.  Faraday,  in  1821. 

The  laws  which  regulated  the  intensity  of  this 
force,  with  reference  to  the  distance  and  position  of 
the  bodies,  now  naturally  came  to  be  examined. 
Biot  and  Savart  in  France,  and  Barlow  in  England, 
instituted  such  measures;  and  satisfied  themselves 
that  the  elementary  force  followed  the  law  of  mag- 
nitude of  all  known  elementary  forces,  in  being 
inversely  as  the  square  of  the  distance ;  although,  in 
its  direction,  it  was  so  entirely  different  from  other 
forces.  But  the  investigation  of  the  laws  of  pheno^ 
menu  of  the  subject  was  too  closely  connected  with, 
the  choice  of  a  mechanical  theory,  to  be  established 
previously  and  independently,  as  had  been  done  in 
astronomy.  The  experiments  gave  complex  results^ 
and  the  analysis  of  these  into  their  elementary  ac- 
tions was  almost  an  indispensable  step  in  order  to 
disentangle  their  laws.  We  must,  therefore^  state 
the  progress  of  this  analysis. 


Theory  of  Electrodtnamioal  Action. 


Ampere's  Tlieory. — Nothing  can  show  in  a  more 
striking  manner  tlie  advanced  condition  of  physical 
speculation  in  1820,  than  the  reduction  of  the 
strange  and  complex  phenomena  of  electromagnetism 
to  a  simple  and  general  theory  aa  soon  as  they  were 
published.  Instead  of  a  gradual  establishment  of 
laws  of  phenomena  and  theories  more  and  more 
perfect,  occupying  ages,  as  in  the  case  of  astronomy, 
or  generations,  as  in  the  instances  of  magnetism  and 
electricity,  a  few  months  sufficed  for  the  whole  pro- 
cess of  generalisation ;  and  the  experiments  made  at 
Copenhagen  were  announced  at  Paris  and  London, 
almost  at  the  same  time  with  the  skilful  analysis 
and  comprehensive  inductions  of  Ampere. 

Vet  we  should  err  if  we  should  suppose,  from  the 
celerity  with  which  the  task  was  executed,  that  it 
WM  an  easy  one.  There  were  required,  in  the 
aathor  of  such  a  theorj',  not  only  those  clear  con- 
ceptions of  the  relations  of  space  and  force,  which 
ore  the  first  conditions  of  all  sound  theory,  and  a 
fiili  possession  of  the  experiments ;  but  also  a  mas- 
teriy  command  of  the  mathematical  arms  by  which 
alone  the  victory  could  be  gained,  and  a  sagacious 
selection  of  proper  experiments  which  might  decide 
the  fate  of  the  proposed  hy])0thesiB. 
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It  h  true,  that  the  nature  rif  the  requiiato  hjrpo-. 
I  thoei»t  v&g  not  difitciik  t<^i  see  in  a  certain  vague  uid' 
'  limited  way.  Tlip  comlucting-wiro  and  thema^etie 
needle  had  a  teniiency  to  arrange  themselves  at  riglil 
Biig1e»<  to  one  another.  Thia  might  be  repreaented  by 
tiiipposing  the  wire  to  be  made  up  of  transverse  mag- 
netic neeille^  or  l)y  Bnjiposing  the  needle  to  W 
Dp  of  transverse  conducting-wires;  for  it  van  etsy  t9 
conceive  forces  which  should  bring  corregpondinj(  el»t 
mentii,  either  magiu^^tiis  or  voltaic,  into  parallel 
lions;  ami  then  the  general  phenomena  alwive  etateA 
would  be  accounted  for.  Ami  the  choice  between 
the  two  modes  of  conco|)tio»,  appeared  at  first  sight 
matter  of  indifference.  The  majority  of  piiilo90phei« 
at  first  lulopted,  or  at  loa«t  employed,  the  foimea 
inetlifMl,  08  Oersted  in  Germany,  Bcrzelius  in  Swedei 
WoUuton  ill  England. 

Ampere   adopted    the   other   view,  according  to 
which  the  magnet  ia  ma«k'  up  of  comlucLing-wirea  in 
a  transverse  position.     But  he  did  for  his  hTpotbesU. 
what  no  one  did  or  could  do  for  the  other :  bo  showi 
that  it  WHS  the  oidy  one  which  wonid  account,  wil 
out  Hilditinnal   and   arbitrary   suppositions,  for 
ftuitti  of  eontinut'd  motion  in  oleetromagnetic 
And  he  ftirther  elevated  his  thoory  to  a  higher  rank 
of  generality,  by  showiDg  that  it  explained, — not  only 
the  action  of  a  c«>ndncting>wire  upon  a  magnet,  but 
aUo  two  other  classca  of  tact>i,  already  spoken  of 
this  history, — the  action  of  magnets  upon  each  oth< 
—and  the  action  of  conducting-win^s  upon  each  othi 
The  deduction  of  jracb  particular  cases  from  tl 


theory,  rajuired,  im  may  caaiiy  be  imagined,  some 
complex  cak-ulatioiis :  but  the  deduction  being  satis- 
factory, It  will  be  seen  that  Ampere's  theory  con- 
formed Co  that  description  which  we  have  repeatedly 
b&tl  to  point  out  aa  the  usual  character  of  a  true 
md  fitable  theory ;  namely,  that,  besides  accounting 
the  class  of  phenomena  which  suggested  it,  it 
an  unforeseen  explanation  of  other  known 
For  the  mutual  action  of  magnets,  which 
■apposeii  to  be  already  reduced  to  a  satisfactory 
ical  fonn  by  Coulomb,  was  not  contemplated 
'hy  Ampere  in  the  formation  of  his  hypothesis ;  and 
the  mutual  action  of  voltaic  currents,  though  tried 
eoly  in  consequence  of  the  suggestion  of  the  theory, 
clearly  a  fact  distinct  from  electromagnetic  ac- 
tion ;  yet  all  these  facte  flowed  alike  from  the  theory. 
And  thus  Ampere  brought  into  view  a  class  of  forces 
for  which  the  term  "  electromagnetic"  was  too  limited, 
and  which  he  designated'  by  the  appropriate  term 
etectrodi/namic :  distinguishing  them  by  this  expres- 
Bioo.  as  the  forces  of  an  electric  aerrettl,  from  tho 
itaticei  effects  of  electricity  which  we  had  formerly 
to  treat  of.  Tliis  term  has  passed  into  common  use 
JUnong  scientitic  writers,  and  remains  the  record  and 
-•tamp  of  the  success  of  tlie  Amperian  induetion. 

The  first  promulgation  of  Ampere's  views  was  by  a 
eommunication  to  the  French  Academy  of  Sciences, 
September  the  18th,  1820;  Oersted's  discoveries 
'hftving  reached  Paris  only  in  the  preceding  July. 
1  At  ftfanost  every  meeting  of  the  Academy  during  the 
1  Jjm.  de  Clilin^  torn  xx.  p.  60  (1822). 
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remainder  of  that  year  and  the  l>eginning  of  the  fol- 
lowing one,  he  had  new  ck-velopements  or  new  con- 
firmations of  his  theorv  to  announce.  The  most 
hyjKithetical  jmrt  of  his  theory, — the  proposition 
that  magnets  might  be  considered  in  their  eflfects  as 
identical  with  spiral  voltaic  wires, — ^he  asserted  from 
the  very  first.  The  mutual  attraction  and  repulsion 
of  voltaic  ^ires, — the  laws  of  this  action, — ^the  deduc- 
tion of  the  observed  facts  from  it  by  calculation, — the 
determination,  by  new  experiments,  of  the  constant 
quantities  which  entered  into  his  formulae, — followed 
in  rapid  succession.  The  theory  must  be  briefly 
stated.  It  had  already  been  seen  that  })arallel  vol- 
taic currents  attracted  each  other ;  when,  instead  of 
being  parallel,  they  were  situate  in  any  directions,  they 
still  exerted  attractive  and  repulsive  forces  depending 
on  the  distance,  and  on  the  directions  of  each  element 
of  both  currents.  Add  to  this  doctrine  the  hypothe- 
tical constitution  of  magnets,  namely,  that  a  voltaic 
current  runs  round  the  axis  of  each  particle,  and  we 
have  the  means  of  calculating  a  vast  variety  of  results 
which  may  l>e  compared  with  experiment.  But  the 
laws  of  the  elementary  forces  required  further  fixation. 
What  functions  are  they  of  the  distance  and  the 
directions  of  the  elements  ? 

To  extract  from  experiment  an  answer  to  this 
inquiry  was  jEbu*  from  easy,  for  the  elementary  forces 
were  mathematically  connected  with  the  observed 
&cts,  by  a  double  mathematical  integration ;— « long, 
and,  while  the  constant  co-efficients  remained  unde- 
fined, hardly  a  possible  operation.     Ampere  made 


be  trials  iu  this  way,  but  iiis  liappier  genius  sug- 
gested to  him  a  better  path.  It  occurred  to  him, 
that  if  hie  integrals,  without  being  specially  found, 
could  bo  shown  to  vanish  upon  the  wliole,  under 
certain  conditions  of  the  proljlera,  this  circumstance 
would  correspond  to  arrangements  of  his  apparatus 
in  wliich  a  state  of  equilibrium  was  preserved,  how- 
ever the  form  of  some  of  the  parts  might  be  changed. 
Ue  found  two  such  cases,  wliich  were  of  great  import- 
ance to  the  theory.  The  first  of  these  cases  proved 
that  the  force  exerted  by  any  element  of  the  voltaic 
wire  might  be  resolved  into  other  forces  by  a  theorem 
resembling  the  well-known  proposition  of  the  paral- 
lelogram of  forces.  This  was  proved  by  showing  that 
the  action  of  a  straight  wire  is  the  same  with  that 
of  another  wire  which  joins  the  same  extremities, 
but  is  bent  and  contorted  in  any  way  whatever. 
But  it  still  remained  neoe8sai7  to  determine  two 
Amdamcntjii  quantities ;  one  of  which  expressed 
the  power  of  the  distance  according  to  which  the 
force  varied;  the  other,  the  degree  in  which  the 
force  is  affected  by  the  obliquity  of  the  elements. 
One  of  the  general  causes  of  equililjrium',  of  which 
we  have  spoken,  gave  a  relation  between  these  two 
qnantities ;  and  as  the  power  was  naturally,  and,  as  it 
afterwards  appeared,  rightly,  conjectured  to  be  the 
iuvorsc  square,  the  other  quantity  also  was  deter- 
mined ;  and  the  general  problem  of  electrodynamical 
ujjtioQ  was  fully  solved. 


n|)dre  had  not  Uvn  on  accomplighed  uuUfs^ 
he  wonld  not  have  boon  able  to  diworor  tite  con- 
dition on  which  the  nullity  of  the  integral  in  this 
case  depended'.  And  Ihronghont  his  labours,  we 
find  reanon  to  admire,  both  his  mathematieal  skill, 
and  his  ftendinesfl  of  thought:  allbongh  these  excel- 
lencies are  by  no  means  aeeompauied  throaghont 
with  corresponding  clearness  and  elegance  of  expo- 

I  iritlon  in  his  writing?. 

'  Recqftion  of  Ampere's  Thcmy. — Clear  mathfr> 
matical  conception^  and  some  faniiliaritv  with 
mathematical  operations,  were  needed  by  readers 
also,  in  order  to  appreciate  the  evidence  of  the 
theory;  and.  therefore,  we  need  not  feel  any  snr* 
prise  if  it  wa?,  on  its  publication  and  establishment, 
hailed  with  far  less  entbneiasm  than  so  remarkaWe 
triumph  of  generalising  power  might  appear  to  de- 
serve. For  some  time.  indee<!,  Ihe  greater  portion 
of  the  public  were  naturally  held  in  dispense  by  the 
opposing  weight  of  rival  names.  Tlie  AmperiaD 
theory  did  not  make  its  way  without  contention  and 
competition.  The  electro-magnetic  exju-rimenta, 
from  their  fir?*  appearance,  gave  a  clear  promiac  of 
some  ne«*  and  wide  generalisation ;  and  held  ont  S 
prize  of  honour  and  fame  to  Lira  who  should  he  flruE 
in  giving  the  right  interpretation  of  tlie  riddle.  In 
France,  the  emulation  for  snch  reputation  is  perhaps 

I  moro  vigilant  and  anxious  than  it  ie  elsewhere ;  and 

f-we  see,  on  this  as  on  other  occasion?,  the  BcientiSa 

t  of  Paris  springing  upon  a  new  subject  with  an 

'  Rcc.  p.  314. 
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rtuoflitr  which,  in  a  short  time,  runs  into  coiitro- 
f»ies  for  |triority  or  for  victory.     In  this  caw,  Biot, 
ll-ircll  89  Ampere,  endeavoured  to  reduce  the  elco- 
nagnetic  jihenomcna  to  gtmenil  laws.     The  dis- 
irion  between  liim  and  Ampere  turned  on  somo 
nte  which  are  curious.    Biot  was  disposed  to  eou- 
0er  as  an  elementary  action,  the  force  which  an 
ncnt  of  a  voltaic  wire  exerts  upon  a  magnetic 
pflrticlc,  and  which   ie,  as  we  liave  seen,  at  right 
anftleB  to  their  mutual  distance ;  and  ho  conceived 
that  the  equal  reaction  which  neceRsarily  acconipa- 
u(e«  this  action  acts  oppositely  to  the  action,  not  in 
ihe  same  line,  hut  in  a  parallel  line,  at  the  other  ex- 
tremity of  the  distance ;  thus  forming  a  primitive 
em^le,  to  use  a  technical  expreesion  borrowed  from 
Bjltotitanics.      To  this  Ampere   objected',    that   the 
^^fhet  opposition  of  all  elementary  action  and  re- 
^Hjllloti  was  a  universal  and  ncccasary  mechanical  law. 
^^■b    ahowed   too    that  such  a  couple  as  had  been 
"%Buiiied,  would  follow  as  a  derivative  i-esult  from  his 
theory.     And    in  comparing   his  owii    theory  with 
that  in  which  the  voltaie  wire  is  assimilated  to  a  col- 
lection  of  transverse  magnets,  he  was  also  able  to 
prove  that  no  such  assemblage  of  forces  acting  to 
■■■^  Irom  fixe<l  prtints,  as  the  forces  of  magnets  do 
^^^K  could  produce  a  continued  motion  liltc  that  dis- 
PHKcTod    by  Faraday.     This,  indeed,  was  only  the 
well-known  demonstration  of  the  impossibility  of  a 
perpetual  motion.    If,  instead  of  a  coUectiou  of  mag- 
iy  the  adverse  theorists  had  spoken  of  a  magnetic 
'  Anpece,  Tlieorie,  p.  154. 


88  HISTORY  OF  OALVANiaM. 

currefitj  they  might  probably  interpret  their  expres- 
sions so  as  to  explain  the  facts ;  that  is»  if  they  con- 
sidered every  element  of  such  a  current  as  a  magnet, 
and  consequently,  every  point  of  it  as  being  a  north 
and  a  south  pole  at  the  same  instant.  But  to  intro- 
duce such  a  conception  of  a  magnetic  current  was 
to  abandon  all  the  laws  of  magnetic  action  hitherto 
established ;  and  consequently  to  lose  all  that  gave 
the  hypothesis  its  value.  The  idea  of  an  electric 
current,  on  the  other  hand,  was  so  far  from  being  a 
new  and  hazardous  assumption,  that  it  had  already 
been  forced  upon  philosophers  from  the  time  of 
Volta ;  and  in  this  current,  the  relation  of  preceding 
and  succeeding^  which  necessarily  existed  between 
the  extremities  of  any  element^  introduced  that 
relative  polarity  on  which  the  success  of  the  expla- 
nations of  the  facts  depended.  And  thus  in  this 
controversy,  the  theory  of  Ampere  has  a  great  and 
undeniable  superiority  over  the  rival  hypotheses. 


CHAPTER  Vn. 

iPENCES  OF  THE  ElECTEO DYNAMIC  ThEOBY. 

necessary  to  state  the  various  applications 
were  soon  made  of  the  electro-magnetic  dis- 
19.  But  we  may  notice  one  of  the  most  im- 
portant,— the  gaitanometer,  an  instrument  which,  by 
enabling  the  philosopher  to  detect  and  to  measure 
extremely  minute  electrodynamic  actions,  gave  an 
impulse  to  the  subject  gimilar  to  that  which  it  re- 
ceived from  the  invention  of  the  Leyden  phial,  or  the 
pile.  The  strength  of  the  vohaic  current 
measured,  iu  this  instrument,  by  the  deflection 
produced  tn  a  compass-needle;  and  its  sensibility 
wa.s  multiplied  by  making  the  wire  pass  rejteatedly 
above  and  below  the  needle.  Scliweiggcr,  of  Halle, 
was  one  nf  the  first  devisers  of  this  apparatus. 
The  substitution  of  electro-magnets,  that  Is,  of 
tubes  comjiosed  of  voltaic  wires,  for  common 
lets,  gave  rise  to  a  variety  of  curious  ajiparatus 
%aA  specuhitions ;  but  on  these  and  other  subjects 
of  the  same  kind  I  shall  not  dwell. 
TIic  galvanometer  led  to  the  discovery  of  another 
of  cases  in  which  the  electrndynamical  action 
called  into  play,  namely,  those  in  which  a  cir- 
poscd  of  two  metals  only,  became  electro- 


^^ceived 


I  Th( 
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magnetic  by  heating  one  part  of  it.  This  discovery 
of  ihernKhelectricity  was  made  by  Professor  Seebeck 
of  Berlin,  in  1822,  and  prosecuted  by  various  per- 
sons; especially  by  Professor  Gumming*  of  Cam- 
bridge, who,  early  in  1823,  extended  the  examination 
of  this  property  to  most  of  the  metals,  and  deter- 
mined their  thermo-electric  order.  But  as  these 
investigations  exhibited  no  new  mechanical  effects 
of  electromotive  forces,  they  do  not  now  further 
concern  us ;  and  we  pass  on,  at  present,  to  a  case  in 
which  such  forces  act  in  a  manner  different  from 
any  of  those  already  described. 

^  Camb.  Trans,  vol.  ii.  p.  62.     On  the  Derelopement  of 
Electro-Magnetism  bj  Heat. 


CHAPTER  Vill. 
OVEEV  OF  THE  LaW8  OF  MaONETO-ElECTRIC 

Induction. — Faeaday. 

i  clearly  establisliod  by  Ampere,  as  wc  have 
,  that  magnetic  action  is  a  peculiar  form  of  elec- 
tromotive actiuus,  ami  that,  iii  this  kind  of  agency, 
action  and  reaction  aro  equal  jind  opposite.  It 
ftpi)cared  to  follow  almost  irresistibly  from  these  consi- 
derations, that  magnetism  might  be  made  to  produce 
electricity,  as  electricity  could  be  made  to  imitate 
all  the  effects  of  magnetism.  Yet  for  a  long  time 
the  attempts  to  obtain  such  a  result  were  fruitless. 
Faratlay,  in  1825,  endeavoured  to  make  the  conduct- 
ing-wiro  of  the  voltaic  circuit  excite  electricity  in  a 
neighbouring  wire  by  induction,  as  the  conductor 
charged  with  common  electricity  would  have  done, 
but  he  obtained  no  such  effect.  If  this  attempt  hod 
succeeded,  the  magnet,  which,  for  all  such  purposes, 
is  an  assemblage  of  voltaic  circuits,  might  also  have 
»eu  made  to  excite  electricity.  About  the  same 
te,  au  experiment  was  made  in  France  by  Arago, 
Icli  really  involved  the  effect  thus  sought;  though 
effect  was  not  extricated  from  the  complex 
lenomenon,  till  Faraday  began  bis  sjdendid  career 
t  dtocorery  on  this  subject  in  1832.  Arago's  ob- 
ition  was,  that  the  rapid  reTolutiou  of  a  con- 
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ducting-plate  in  the  neighbourhood  of  a  magnet, 
gave  rise  to  a  force  acting  on  the  magnet.  In  Eng- 
land, Messrs.  Barlow  and  Christie,  Herschel  and 
Babbage,  repeated,  and  tried  to  analyse  this  experi- 
ment ;  but  referring  the  forces  only  to  conditions  of 
space  and  time,  and  overlooking  the  real  cause,  the 
electrical  currents  produced  by  the  motion,  these 
philosophers  were  altogether  unsuccessful  in  their 
labours.  In  1831,  Faraday  again  sought  for  electro- 
dynamical  induction,  and  after  some  futile  trials,  at 
last  found  it  in  a  form  different  from  that  in  which 
he  had  looked  for  it.  It  was  then  seen,  that  at 
the  precise  time  of  making  or  breaking  the  contact 
which  closed  the  galvanic  circuit,  a  momentary  effect 
was  induced  in  a  neighbouring  wire,  but  disappeared 
instantly'.  Once  in  possession  of  this  fact,  Mr. 
Faraday  ran  rapidly  up  the  ladder  of  discovery,  to 
the  general  point  of  view. — Instead  of  suddenly 
making  or  breaking  the  contact  of  the  inducing 
circuit,  a  similar  effect  was  produced  by  removing 
the  inducible  wire  nearer  to  or  further  from  the 
circuit" ; — the  effects  were  increased  by  the  proximity 
of  soft  iron' ; — when  the  soft  iron  was  affected  by  an 
ordinary  magnet  instead  of  the  voltaic  wire,  the  same 
effect  still  recurred*; — and  thus  it  appeared,  that  by 
making  and  breaking  magnetic  contact,  a  momen- 
tary electric  current  was  produced.  It  was  produced 
also  by  moving  the  magnet* ; — or  by  moving  the  wire 

'  Phil.  Trans.  1832,  p.  127,  First  Series,  Art.  10. 
■  Art.  18.  '^  Art.  28.  *  Art.  37. 

*  Art  39. 
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ih  reference  to  the  magnet*.  Finally,  it  was 
found  that  the  earth  might  supply  the  place  of  a 
magnet  in  this  as  in  other  experiments';  and  the 
motion  of  a  wire,  under  proper  circumstances, 
luced  in  it,  it  apjjeared,  a  momentary  electric 
fflnrent*.  These  facts  were  curiouely  confirmed 
by  the  results  in  special  cases.  They  explained 
Amgo's  experiments;  for  the  momentary  effect  be- 
camu  permanent  by  the  revolution  of  the  plate. 
And  without  using  the  magnet,  a  revolving  plate 
became  an  electrical  machine*; — a  revolving  globe 
exhibite<l  electro-magnetic  action'",  the  circuit  being 
complete  in  the  globe  itself  without  the  addition  of 
any  wire ; — and  a  mere  motion  of  the  wire  of  a  galva- 
nometer produced  an  electrodynamic  effect  upon  its 
needle". 

But  the  question  occurs,  What  is  the  general  law 
urtiicU  determines  the  direction  of  electric  currents 
produced  by  the  joint  effects  of  motion  and 
•Bttgnetism  ?  Nothing  but  a  peculiar  steadiness  and 
clearness  in  his  conceptions  of  space,  could  have 
enabled   Mr.   Fara<;lay  to  detect  the   law  of  this 

lenomenon.      For  the  question  required  that  he 

raid  determine  the  nmtual  relations  in  space  which 
connect  the  magnetic  poles,  the  position  of  the  wire, 
the  direction  of  the  wire's  motion,  and  the  electrical 
current  produced  in  it.  This  was  no  easy  problem ; 
the  mere  relation  of  the  magnetic  to  the 

•  Art.  53.  '  Second  Series,  Phil.  Trans,  p.  163. 

•  Art.  141.  •  Art.  150.  "  ^Ul.  164. 
'Art.  171. 
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electric  forces,  the  one  set  being  perpendicular  to 
the  other*  is  of  itself  suj£cient  to  perplex  the  mind ; 
as  we  have  seen  in  the  history  of  the  electrodynamio 
discoveries.  But  Mr.  Faraday  appears  to  have  seized 
at  once  the  law  of  the  phenomena.  '*  The  relation," 
he  says"t  ''  which  holds  l>etween  the  magnetic  pole^ 
the  moving  wire  or  metal»  and  the  direction  of  the 
current  evolved,  is  very  simple,  (so  it  seemed  to 
him,)  although  rather  difficult  to  express."  He  re- 
presents it  by  referring  position  and  motion  to  the 
^*  magnetic  curves,"  which  go  from  a  magnetic  pole 
to  the  opposite  pole.  The  current  in  the  wire  sets 
one  way  or  the  other,  according  to  the  direction  in 
which  the  motion  of  the  wire  cuts  these  curves. 
And  thus  he  was  enabled,  at  the  end  of  his  Second 
Series  of  Researches  (December,  1831),  to  give,  in 
general  terms,  the  law  of  nature  to  which  may  be 
referred  the  extraordinary  number  of  new  and  curious 
experiments  which  he  has  stated'''; — ^namely,  that  if 
a  wire  move  so  as  to  cut  a  magnetic  curve,  a  power 
is  called  into  action  which  tends  to  urge  a  magnetic 
current  through  the  wire ;  and  that  if  a  mass  move 
so  that  its  parts  do  not  move  in  the  same  direction 
across  the  magnetic  curves,  and  with  the  same  angular 
velocity,  electrical  currents  are  called  into  play. 

This  rule,  thus  simple  from  its  generality,  though 
inevitably  complex  in  every  special  case,  may  be 
looked  upon  as  supplying  the  first  demand  of  phiIo« 
Sophy,  ilie  lata  of  tlie  phenomena ;  and  thereupon  arises 
naturally  the  consequent  inquiry,  their  cause. 

>'  First  Series,  Art.  114.  '*  Art  26ft— 364. 
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Tliiii  has  hardly  yet  I>een  brought  into  clear  ^iew, 
am]  therufore  here,  wbero  our  buBiiiesB  is  to  narrate 
only  wliat  lias  already  been  accomiilishet],  we  have 
little  more  to  my.  Yet  wo  niay  observe,  that  what 
liae  bocu  colluil  inducHon  exhibits,  in  n  manner  which 
cannot  be  overlooked,  the  ehamcter  of  a  reacUoHt 
aiiii  wo  may  almost  say,  of  a  mechanical  reaction. 
Mr.  Faraday  apitcars  to  have  had  this  conclusion 
forced  u(ion  him.  In  his  Ninth  Series  {Dee.  8, 1834.) 
he  argues  that  magnetism  and  electricity  must  b© 
convertible  stateu.  "How  else,"  ho  adds,  "can  n 
carrent  of  a  given  intensity  and  quantity  be  able,  by 
iU  direet  action,  to  sustain  a  state,  which  when 
allowed  to  react  (at  the  cessation  of  the  original 
rUTTent,)  shall  produce  a  second  current,  having  an 
intensity  and  quantity  fiir  greater  than  the  generating 
one  1"  It  will  be  recollected  that,  according  to  the 
Amjioriaij  theory,  electricity  and  magnetism  are 
idonticni.  If  wo  assume  the  material  reality  of  the 
electrical  fluid,  or  any  Buppoeition  mechanically  equi- 
valent to  this,  we  cannot  help  having  the  notion  of 
inertia  suggested,  by  the  kind  of  reaction  which  a  wire 
exhibits  when  it  sufiers  clectrodynamical  induction. 
Piir  by  the  laws  of  mechanics,  a  substance,  when  ))ut 
in  motion  by  another  substance,  produces,  at  the  first 
inntant,  an  impulse  opposite  to  that  of  the  motion ;  if 

B  velocity  be  uniform,  no  fiirther  effort  is  perceived 

r  motion  is  stop|>ed ;  and  at  that  instant,  an 

!  is  produced  in  the  direction  of  the  motion. 

'  tliifl  description  applies  alike  to  mechanical 

,  and  to  electrodjuamical  induction. 
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slifmltl,  tlieryfore,  conceive  that  no  more  genen 
or  appropriate  term  can  be  found  to  describe  tli 
])hpnomeim  here  spoken  of,  than  eleclrodynamie  r 
action-  Our  conception  of  the  mechanical  property 
of  the  electric  fluid  is  necesBarily,  as  jet,  somewhi 
obscure ;  and  we  know  very  imperfectly  tlie  mairat 
in  whicli  an  electric  current  sets  a  neighbouring  on 
in  motion.  Yet  I  think  it  cannot  be  doubted  th( 
the  mnic  Ix?ftutiful  tlieory  of  Ampere,  which  expl^r 
90  well  all  tho  laws  of  Glectrotiynaraical  action,  m. 
only  admits,  but  requires,  that,  if  induction  in  sue 
cases  do  exist,  it  shall  be  accompa-nied  with  a  r< 
action,  following  laws  liko  those  which  Mr.  Farada 
has  unravelled  with  such  exquisite  skill.  But  Mt 
Faraday  himself  does  not  appear  to  admit  this  view 
"  Tlio  first  thouglit  that  arises  in  the  mind  is,"  h 
says'*,  "that  tho  electricity  circulates  with  som 
thing  like  momentum  or  inertia  in  the  wire,  and  th 
thus  a  long  wire  ]>roduce9  efiects  at  the  instant  ti 
current  is  stopped,  which  a  short  wire  cannot  pi 
duce.  Such  an  explanation  is,  however,  at  once  b 
aside  by  the  fact,  tliat  the  same  length  of  wire  pi 
duces  tho  effects  in  very  different  degrees,  accordli 
an  it  is  simply  extended,  or  made  into  a  helix, 
forms  the  circuit  of  an  electro-magnet."  This  ar/ 
ment  appeare  to  mo  to  be  not  quite  decisive ;  for  w 
can  imagine  tlie  inertia  to  be  altered  by  altering  th 
figure  of  the  wire  aa  easily  as  by  altering  its  lengtl 
,  But  my  business  here  is  to  narrate,  rather  than  \ 
discuss  discoveries;  and,  however  it  may  be  sui 
"  Art.  1077- 
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ceptible  of  future  explanation,  we  cannot  doubt  that' 
the  view  which  has  been  disclosed  of  the  effects  of 
magneto-electric  induction,  whether  or  not  it  be 
rightly  described  as  electrodynamic  reaction,  is  a 
step  of  the  highest  importance  in  the  progress  of 
this  most  interesting  mechanico-chemical  science. 


TOL.  m. 
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CHAPTER  IX. 

TsANBinoN  TO  Chemical  Science. 

The  preceding  train  of  generalisation  may  justly 
appear  extensive,  and  of  itself  well  worthy  of  admi- 
ration. Yet  we  arc  to  consider  all  that  has  there 
been  established  as  only  one-half  of  the  science  to 
which  it  belongs, — one  limb  of  the  colossal  form  of 
chemistry.  We  have  ascertained,  we  will  suppose, 
the  laws  of  electric  polarity ;  but  we  have  then  to 
ask.  What  is  the  relation  of  this  polarity  to  chemical 
composition  ?  This  was  the  great  problem  which, 
constantly  present  to  the  minds  of  electro-chemical 
inquirers,  drew  them  on,  with  the  promise  of  some 
deep  and  comprehensive  insight  into  the  mechanism 
of  nature.  Long  tasks  of  research,  though  only 
subsidiary  to  this,  were  cheerfully  imdertaken. 
Thus  Faraday^  describes  himself  as  compelled  to  set 
about  satisfying  himself  of  the  identity  of  common, 
animal,  and  voltaic  electricity,  as  "  the  decision  of  a 
doubtful  point  which  interfered  with  the  extension 
of  his  views,  and  destroyed  the  strictness  of  his 
reasoning."  Having  established  this  identity,  he 
proceeded  with  his  grand  undertaking  of  electro- 
chemical research. 
The  connexion  of  electrical  currents  with  che- 

'  Dec.  1832.    Researches,  266. 
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mival  action,  tliough  kept  out  of  sight  in  tlio  account 
wp  have  liitliLTto  given,  was  uever  forgotten  by  the 
experimenters ;  for,  in  fact,  the  modes  in  which  eleo- 
currenta  were  excited,  were  chemical  actions; 
le  action  of  acids  and  metals  on  each  other  iu  the 
ToUaic  trough,  or  in  some  other  form.  The  depend- 
ence of  the  electrical  eft'ect  on  these  chemical 
actions,  and  still  more,  the  chemical  actions  produced 
by  the  agency  of  the  poles  of  the  circuit,  had  been 
carefully  studied;  and  we  must  now  relate  with 
what  success. 

But  in  what  terms  shall  we  present  this  narra- 
tion ?  We  have  spoken  of  chemical  actions, — but 
what  kind  of  actions  are  these  ?  Decomposition ; 
the  reitolutimi  of  compounds  into  their  ingredients; 
the  separation  of  acids  from  bases ;  the  reduction  of 
bodies  to  simple  ektnenU.  These  names  open  to  us  a 
new  drama;  they  are  words  wliich  belong  to  a  dif- 
ferent set  of  relations  of  things,  a  different  train  of 
itific  inductions,  a  different  system  of  generali- 
from  any  with  which  we  have  hitherto  been 
Wo  must  learn  to  understand  these 
Tore  we  can  advance  in  our  history  of 
'ledge. 
Tlow  are  we  to  learn  tlie  meaning  of  this  col- 
of  words  ?  In  what  other  language  shall  it 
ilained  ?  In  wliat  terms  shall  we  define  these 
expressions  ?  To  tliis  we  are  compelled  to 
that  we  cannot  translate  these  terms  into  any 
language ; — that  wo  cannot  define  them  in 
tonus  already  familiar  to  us.     Here,  as  iu  all 
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Other  brancbea  of  knowledge,  tlie  meaning  of  wori 
is  to  bo  sought  in  tbc  progress  of  thought ;  tbe  hil 
tory  of  science  is  our  dictionary ;  the  steps  of  sciM 
tiiie  induction  are  our  definitions.  It  is  only  l 
going  back  through  the  Bucccssful  researches  of  mei 
respecting  tlic  composition  and  elements  of  bodie 
that  we  can  learn  in  what  sense  such  terms  must  h 
understood,  so  as  to  convey  real  knowledge.  ] 
order  that  they  may  have  a  meaning  for  us,  we  miM 
inquire  what  meaning  they  had  in  the  minds  of  til 
authors  of  our  discoveries. 

And  thus  we  cannot  advance  a  step,  till  wc  haf 
brought  up  our  history  of  chenustrj-  to  the  level  ' 
our  historj'  of  electricity; — till  we  have  studied  tti 
]>rogres8  of  the  analytical,  as  well  as  the  mechanic 
sciences.  We  are  compelled  to  pause  and  lot 
backwards  here ;  just  as  happened  in  the  histoi 
of  astronomy,  when  we  arrived  at  the  brink  i 
the  great  mechanical  inductions  of  Newton,  an 
fonnd  that  we  must  trace  the  history  of  mechauifl 
before  we  could  proceed  to  mechanical  astronom 
The  terms  "  force,  attraction,  inertia,  momentun 
Bent  us  back  into  preceding  centuries  then,  just  1 
the  terms  "  composition"  and  "  element,"  send  i 
back  now. 

Nor  is  it  to  a  small  extent  that  we  have  thus 
double  back  upon  our  past  adrance.  Neit  to  asti 
uomy,  chemistry  is  one  of  the  most  ancient 
sdeooes; — tlio  field  of  the  earliest  attempts  of  mi 
I  command  aitd  understand  nature.  It  has  he 
for  centuries  by  a  kind   of  fe^iuatioo;  i 
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innuinerable  and  endless  are  the  varied  labours,  the 
&ilures  and  successes,  the  speculations  and  conclu* 
sions,  the  strange  pretences  and  fantastical  dreams, 
of  those  who  have  pursued  it.  To  exhibit  all  these^ 
or  to  give  any  account  of  them,  would  be  impos- 
sible ;  and  for  our  design,  it  would  not  be  pertinent. 
To  extract  from  the  mass  that  which  is  to  our  pur- 
pose, is  difficult;  but  the  attempt  must  be  made. 
We  must  endeavour  to  analyze  the  history  of  che- 
mistry, 80  far  as  it  has  tended  towards  the  establish- 
ment of  general  principles.  We  shall  thus  obtain  a 
sight  of  generalisations  of  a  new  kind,  and  shall 
prepare  ourselves  for  others  of  a  higher  order. 


BOOK   XIV. 


THE  ANAL  YTICAL  SCIENCE. 
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•    •    Soon  had  his  crew 

Opened  into  the  hill  a  spacious  wound, 
And  digged  out  ribs  of  gold    •    •    .    . 
Anon  out  of  the  earth  a  fabric  huge 
JRose  like  an  exhalation  with  the  sound 
Of  dulcet  symphonies  and  voices  sweet, 
Built  like  a  temple. 

MiLTOK.     Paradise  Lost,  i. 


CHAPTER  I. 


Imtbovemext  of  the  Notion   of  CHE^rIC-VL  Ana- 
lysis,  AKD     ReCXJG.NITIOS  OF   IT  AS  THE  SpaGIEIC 

Art. 


The  doctriue  of  "  the  lour  elements"  is  one  of  the 
oldest  iiipnuments  of  man's  speculative  nature;  goes 
biM'k,  iK-rhaps,  to  times  anterior  to  Greek  philosophy; 
anil,  as  the  doctrine  of  Aristotle  and  Galen,  reigned 
for  fifteen  hundred  years  over  the  Gentile,  Christian, 
Slid  Mohauiniedan  world.  In  medicine,  taught  as 
Uie  doctrine  of  the  four  "elementar}-  qualities,"  of 
which  the  human  hody  and  all  other  substances  are 
compounded,  it  had  a  very  powerful  and  extensive 
influence  upon  medical  jiractice.  But  this  doctrine 
nerer  led  to  any  attempt  actually  to  analyze  bodies 
into  tlieir  sujjposcd  elements;  fur  composition  was 
inferred  from  the  resemblance  of  the  (jualities,  not 
ftum  the  separate  exhibition  of  the  ingredients;  the 
nipIM>«tcd  analysis  was,  in  short,  &  decomposition  of 
the  body  into  adjectives,  not  into  Bubstances. 

Thi«  doctrine,  therefore,  may  be  considered  as  a 
negative  state,  antecedent  to  the  very  beginning  of 
clieraistry;  and  some  progress  beyond  this  mere 
negation  was  made,  as  soon  as  men  Ijegau  to  en- 
tlearour  to  compound  and  decompound  substances 
by  (he  use  of  Hro  or  mixture,  liowever  erroneous 
niijjbt  Ik!  the  ojiiuions  and  expectations  which  they 
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combined  witli  their  attempts.  Alchemy  is  a  step 
in  chemistry,  so  far  as  it  implies  the  recognition  of 
the  work  of  the  cupel  and  the  retort,  as  the  produce 
of  analysis  and  synthesis.  How  perplexed  and  per- 
verted were  the  forms  in  which  this  recognition  was 
clothed, — ^how  mixed  up  with  mystical  follies  and 
extravagancies,  we  have  already  seen ;  and  the  share 
which  alchemy  had  in  the  formation  of  any  sounder 
knowledge,  is  not  such  as  to  justify  any  farther 
notice  of  that  pursuit. 

The  result  of  the  attempts  to  analyze  bodies  by 
heat,  mixture,  and  the  like  processes,  was  the  doc- 
trine that  the  first  principles  of  things  are  three,  not 
four;  namely,  sali^  sidphuvj  and  me9'cufy;  and  that, 
of  these  tliree,  all  things  are  compounded.  In  reality, 
the  doctrine,  as  thus  stated,  contained  no  truth 
which  was  of  any  value;  for,  though  the  chemist 
could  extract  from  most  bodies  portions  which  he 
called  salt,  and  sulphur,  and  mercury,  these  names 
were  given,  rather  to  save  the  hypothesis,  than  be- 
cause the  substances  were  really  those  usually  so 
called:  and  thus  the  supposed  analyses  proved 
nothing,  as  Boyle  justly  urged  against  them  *. 

The  only  real  advance  in  chemical  theory,  there- 
fore, which  we  can  ascribe  to  the  school  of  the  three 
pnnciple.%  as  compared  with  those  who  held  the 
ancient  dogma  of  the  four  elements,  is,  the  acknow- 
ledgment of  the  changes  produced  by  the  chemist's  ope- 
rations, as  being  changes  which  were  to  be  accounted 

'  Shaw's  Boyle.  Sceptical  Chymist,  p.  312,  313,  &c. 
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p  by  the  union  and  separation  of  substaiitiat  tle- 
mcnts,  or,  as  they  were  sometimes  called,  of  hi/posfa- 
tical prineipfes.    The  workmen  of  this  school  acquired, 
no  doubt,  a  considerahle  acqiuiintance  mth  the  re- 
sults of  the  kinds  of  processes  whicli  they  pursued ; 
^— 4jiey  applied  their  knowledge  to  the  jjreparation  of 
^Hbnr  medicines ;  and  some  of  them,  as  Paracelsus  and 
^Hmii  Helmont,  attained,  in   this  war,  to  great  fame 
^^nd  distinction ;    but  their  merits,  as  regards  theo- 
^Ht^cal  chemistry,  consist  only  in  a  truer  conception 
of  the  problem,  and  of  the  mode  of  attempting  its 
solution,  than  their  predecessors  had  entertained. 

This  step  is  well  marked  by  a  word  whicli,  about 

the  time  of  which  we  speak,  was  introduced  to 

denote  the  chemist's  emploj-ment.    It  was  called 

the  Spagiric  a)%  (often  misspelt  SpagjTic)  from  two 

Greek  words,  (<nru(D,  ayeipw,)  which  mean,  to  separate 

^MMrUs  and  to  unite  them.    These  two  processes,  or, 

^^Bjl  more  modem  language,  analysis  and    synthesis, 

^Bsmstttutc  the  whole  business  of  the  chemist.     We 

r        aic  not    making  a  fanciful  arrangement,  therefore. 

when  we  nsark  the  recognition  of  this  object  as  a 

Ftep  in  the  i>rogress  of  chemistry.     I  now  proceed 

to  consider  the  manner  in  which  the  conditions  of 

this  analysis  and  synthesis  were  further  developed. 
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Doctrine  of  Acid  and  Alkau. — Sylvius. 

Among  the  results  of  mixture  observed  by  chemists, 
were  many  instances  in  which  two  ingredients,  each 
in  itself  pungent  or  destructive,  being  put  together, 
became  mild  and  inoperative;  each  counteracting 
and  neutralizing  the  acti>ity  of  the  other.  The 
notion  of  such  opposition  and  neutrality  is  applicable 
to  a  very  wide  range  of  chemical  processes.  The 
person  who  appears  first  to  have  steadily  seized  and 
generally  applied  this  notion  is  Francis  de  la  Boe 
Sylvius;  who  was  bom  in  1614,  and  practised  me- 
dicine at  Amsterdam,  Mith  a  success  and  reputation 
which  gave  great  currency  to  his  opinions  on  that 
art^  His  chemical  theories  were  propounded  as 
subordinate  to  his  medical  doctrines ;  and  from  being 
thus  presented  under  a  most  important  practical 
aspect,  excited  fai-  more  attention  than  mere  theo- 
retical opinions  on  the  composition  of  bodies  could 
have  done.  Sylvius  is  spoken  of  by  historians  of 
science,  as  the  founder  of  the  iatro-chemical  sect 
among  physicians ;  that  is,  the  sect  which  considers 
the  disorders  in  the  himian  frame  as  the  effects  of 
chemical  relations  of  the  fluids,  and  applies  to  them 

*  SprcDgel.  GeschicHtc  der  Arzneykundc,  vol.  iv.  Thomson's 
History  of  Chemistry  in  the  corresponding  part  is  translated 
from  Sprengel. 
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modes  of  cure  fonndeci  upon  this  doctrine.  AVe 
hare  hero  to  ^»eak,  not  of  liis  pliysiological,  but  of 
bis  chemical,  Tjews. 

^  The  dift-tinction  of  add  and  alkaline  bodies  {acidum, 
nrufli)  was  familiar  before  the  time  of  SyMus ;  but 
f  framed  a  system,  by  considering  them  both  as 
eminently  acrid  and  yet  opposite,  and  by  applying 
this  notion  to  the  human  frame.  Thus"  the  lymph 
contains  an  acid,  the  bile  an  alkaline  salt.  These 
two  opposite  acrid  substances,  when  they  are  brought 
together,  neutralize  each  other  ijnfringunt),  and  are 
changed  into  an  intermediate  and  milder  substance. 
The  progress  of  this  doctrine,  as  a  physiological 
one,  is  an  important  pnrt  of  the  history  of  medical 
science  in  the  seventeenth  century;  but  with  that 
we  are  not  here  concerned.  But  as  a  chemical 
doctrine,  this  notion  of  the  opposition  of  acid  and 
alkali,  and  of  its  very  general  applicability,  struck 
deep  root,  and  has  not  been  eradicated  up  to  our 
(i«-n  time.  Boyle,  indeed,  whose  disposition  led  him 
to  suspect  all  generalities,  expressed  doubts  with 
respect  to  this  view';  and  argued  that  the  supposi- 
tion of  acid  and  alkaline  parts  in  all  bodies  was 
precarioas.  their  offices  arbitrary,  and  the  notion 
_pf  them  unsettled.  Indeed  it  was  not  difficult  to 
that  there  was  no  one  certain  criterion  to 
mdi  all  supposed  acids  coufoimed.  Yet  the 
tncnil  conception  of  such  a  combination  as  that  c 

■  De  MQthodo  Afcclcndi,  Anut.  167!).  Lib.  u.  cap.  28,  eecls.  8 

iv's  Boyle,  ui.  p.  432. 
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acid  and  alkali  was  &upi>osed  to  be,  sensed  so  well 
to  express  many  chemical  facts,  that  it  kept  iU 
ground.  It  is  found,  for  instance,  in  Lemerj's  Che* 
mistrr,  which  was  one  of  those  in  most  general  use 
before  the  introduction  of  the  plilogistic  theory.  In 
this  work  (which  vra»  translated  into  English  by 
Keill,  in  1698)  we  find  alkalies  defined  by  their 
efferrescing  with  acids  \  They  were  distinguished 
as  the  mineral  alkali  (soda),  the  vegetaMe  alkali  (por 
tassa),  and  the  volatile  alkali  (ammonia).  Again,  in 
Macquer's  Chemistry,  which  was  long  the  text^book 
in  Europe  during  the  reign  of  phlogiston,  we  find 
acids  and  alkalieSi  and  their  union,  in  which  they  rob 
each  other  of  their  characteristic  properties,  and  form 
neutral  salts,  stated  among  the  leading  principles  of 
the  science  \ 

In  truth,  the  mutual  relation  of  acids  to  alkalies 
was  the  most  essential  part  of  the  knowledge  which 
chemists  possessed  concerning  them.  The  import- 
ance of  this  relation  arose  from  its  being  the  first 
distinct  form  in  which  the  notion  of  chemical  attrac- 
tion or  affinity  appeared.  For  the  acrid  or  caustic 
character  of  acids  and  alkalies  is,  in  fiict,  a  tendency 
to  alter  the  bodies  they  touch,  and  thus  to  alter 
themselves ;  and  the  neutral  character  of  the  com- 
pounds ia  the  absence  of  any  such  proclivity  to 
change.  Acids  and  alkalies  have  a  strong  disposition 
to  unite.  They  combine,  often  with  vehemence,  and 
produce  neutral  salts ;  they  exhibit,  in  short,  a  pro- 

*  Lemeiy,  p.  25.  •  Macquer,  p.  19. 


DOCTRINE   OF   ACID   AND   ALKALI.  Ill 

miuent  example  of  the  chemical  attraction,  or  affinity, 
by  which  two  ingredients  are  formed  into  a  com- 
pound. The  relation  of  acid  and  base  in  a  salt  is,  to 
this  day»  one  of  the  main  grounds  of  all  theoretical 
reasonings. 

The  more  distinct  developement  of  the  notion  of 
BQch  chemical  attraction,  gradually  made  its  way 
among  the  chemists  of  the  latter  part  of  the  seven- 
teenth and  heginning  of  the  eighteenth  century,  as 
we  may  see  in  the  writings  of  Boyle,  Newton,  and 
their  followers.  Beccher  speaks  of  this  attraction 
as  a  magnetism ;  but  I  do  not  know  that  any  writer 
m  particular,  can  be  pointed  out  as  the  person  who 
firmly  established  the  general  notion  of  chemical 
attracHoit* 

But  this  idea  of  chemical  attraction  became  both 
more  clear  and  more  extensively  applicable,  when  it 
assumed  the  form  of  the  doctrine  of  elective  attrac- 
tions, in  which  shape  we  must  now  speak  of  it. 
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CHAPTER  III. 

Doctrine  op  Elective  Attractions. 
Geoffroy.    Bergman. 

Though  the  chemical  combinations  of  bodies  had 
abeady  been  referred  to  attraction,  in  a  Tagae  and 
general  manner,  it  was  impossible  to  explain  the 
changes  that  take  place,  without  supposing  the 
attraction  to  be  greater  or  less,  according  to  the 
nature  of  the  body.  Yet  it  was  some  time  be- 
fore the  necessity  of  such  a  supposition  was  clearly 
seen.  In  the  history  of  the  French  Academy  for 
1718  (published  1719),  the  writer  of  the  introductory 
notice,  (probably  Fontenelle,)  says,  "That  a  body 
which  is  united  to  another,  for  example,  a  solvent 
wliich  has  penetrated  a  metal,  should  quit  it  to  go 
and  unite  itself  with  another  which  we  present  to  it, 
is  a  thing  of  which  the  possibility  had  never  been 
guessed  by  the  most  subtle  philosophers,  and  of 
which  the  explanation  even  now  is  not  easy."  The 
doctrine  had,  in  fact,  been  stated  by  Stahl,  but  the 
assertion  just  quoted  shows,  at  least,  that  it  was  not 
familiar.  The  principle,  however,  is  very  clearly 
stated*  in  a  memoir  in  the  same  volume,  by  Geoflfroy, 
a  French  physician  of  great  talents  and  varied  know- 
ledge. "  We  observe  in  chemistry,"  he  says,  "  cer- 
tain relations  amongst  different  bodies,  which  cause 
them  to  unite.    These  relations  have  their  decrees 

'  A.  P.  1718,  p.  202. 
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i  Uieir  laws.  We  observe  tlieir  diftereiit  degrees 
in  Uiis ; — that  among  diflerent  matters  jumbled  toge- 
ther, which  have  a  certain  disposition  to  unite,  we 
8ud  that  one  of  these  substance  always  unites  con- 
stantly with  a  certain  other,  preferably  to  all  the 
rest."  lie  then  states  tliat  those  which  unite  by 
preference.  Lave  "  plus  de  rapport,"  or,  according  to 
a  pbraac  afterwards  used,  more  affiniti^.  "  And  I 
have  satisfied  myHeltj"  he  adds,  "  that  we  may  deduce, 
from  these  observations,  the  following  proposition, 
which  is  very  extensively  true,  though  I  cannot 
enunciate  it  as  universal,  not  having  been  able  to 
tfxamiiie  all  the  possible  combinations,  to  assure 
myself  that  I  should  find  no  exception."  The  pro- 
[Hniition  which  he  states  in  this  admirable  spirit  of 
pbilosophical  caution,  is  this;  "In  all  eases  where 
two  substances,  wliich  have  any  disposition  to  com- 
bine, are  united ;  if  there  approaches  them  a  third, 
whicli  has  more  affinity  with  one  of  the  two,  this  one 
uniteH  with  the  third  and  lets  go  the  otlier."  He 
then  states  these  affinities  in  the  form  of  a  Table ; 
platniig  n  substance  at  the  head  of  each  column,  and 
other  substances  in  succession  below  it,  according  to 
tlie  ortler  of  their  affinities  for  the  substance  which 
stands  at  the  head.  He  allows  tliat  the  separation 
a  not  always  complete,  (an  imperfection  which  he 
Bcribes  to  the  glutinosity  of  fluids  and  other  causes,) 
,  with  such  exceptions,  he  defends  very  resolutely 
I  successfiiUy  his  Table,  and  the  notions  which  it 
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time,  and  is  even  still  very  great ;  it  enabled  the 
chemists  to  trace  beforehand  the  results  of  any 
operation ;  since,  when  the  ingredients  were  given, 
he  could  see  which  were  the  strongest  of  the  affini- 
ties brought  into  play,  and,  consequently,  what  com- 
pounds would  be  formed.  Geoffrey  himself  gave 
several  good  examples  of  this  use  of  his  table.  It 
was  speedily  adopted  into  works  on  chemistry.  For 
instance,  Macquer"  places  it  at  the  end  of  his  book ; 
**  taking  it,**  as  he  says,  **  to  be  of  great  use  at  the 
end  of  an  elementaiy  tract,  as  it  collects  into  one 
point  of  view,  the  most  essential  and  fundamental 
doctrines  which  are  dispersed  through  the  work.*' 

The  doctrine  of  Elective  Attractions,  as  thus  pro- 
mulgated, contained  so  large  a  mass  of  truth,  that  it 
vras  never  seriously  shaken,  though  it  required 
further  developement  and  correction.  In  particular 
the  celebrated  work  of  Torbem  Bergman,  professor 
at  Upsala,  On  Elective  Attractions,  published  in  1776, 
introduced  material  improvements.  Bergman  ob- 
served, that  not  only  the  order  of  attractions,  but 
the  stim  of  those  attractions  which  had  to  form  the 
new  compounds,  must  be  taken  account  of,  in  order 
to  judge  of  the  result.  Thus',  if  we  have  a  com- 
bination of  two  elements,  P,  s,  (potassa  and  vitriolic 
acid,)  and  another  combination,  L,  m,  (lime  and 
muriatic  acid,)  though  s  has  a  greater  affinity  for  P 
than  for  L,  yet  the  sum  of  the  attractions  of  P  to 
m,  and  of  £  to  ^,  is  greater  than  that  of  the  original 

*  Fk6f^  p.  la  *  Elect  Attract,  p.  19. 


DULTBINE   or    ELECTIVE   ATrRACTIONS. 

'"'tompouniJi*.  and  tlierefore  the  new  t'onipoumls,  /*,  m, 
and  L,  s,  are  foniied. 

The  Table  of  Elective  Attractions,  modified  by 
Bergman  in  pursuance  of  these  views,  and  corrected 
according  to  tiie  advanced  knowledge  of  the  time, 
became  still  more  imi>ortant  than  before.  The  next 
step  was  to  take  into  account  the  quantities  of  the 
elements  which  combined;  but  this  leads  us  into  a 
new  train  of  investigation,  which  was,  indeed,  a 
natural  sequel  to  the  researches  of  Geofl'roy  and 
Bergman. 

lu  1803,  however,  a  chemist  of  great  eminence 
BerthoUet,  published  a  work,  {Essai  de  Slati^ 
CAimi^e,)  the  tendency  of  whicli  appeared  to  be 
to  throw  the  subject  back  into  the  condition  in 
wliich  it  had  been  before  Geoffroy,  For  BerthoUet 
tnaiotained  that  the  rules  of  chemical  combination 
were  not  definite,  and  dependent  on  the  nature  of 
tbe  BMbstances  alone,  but  indefinite,  depending  on 
tho  quantity  present,  and  other  circumstances. 
Proust  answered  hiiu,  and  as  Berzelius  says',  "  Ber- 
thoUet defended  himself  with  an  acuteness  which 
makce  the  reader  hesitate  in  his  judgment ;  but  the 
^reat  mass  of  facts  finally  decided  the  point  in  favour 
t  Proust."  Before,  however,  we  trace  the  result  of 
researches,  wo  must  consider  chemistry  as 
mding  her  inquiries  to  combustion  as  well  as 
ure,  to  airs  as  well  as  fluids  and  solids,  and  to 
;  u  well  as  quality.  These  three  steps  we 
ow  briefly  treat  of. 

'  Clicm.,  t.  iii.  p.  23. 
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CHAPTER  IV. 

Doctrine  op  Acidification  and  Combustion. 

Phlogistic  Theory. 

Piiilication  of  the  Theory  bjf  BeccJier  and  Stahl.^^ 
It  will  be  recollected  that  we  are  tracing  the  history 
of  the  progress  only  of  Chemistry,  not  of  its  errors  ;— 
that  we  are  concerned  with  doctrines  only  so  far  as 
they  are  true,  and  have  remained  part  of  the  received 
system  of  chemical  truths.  The  Phlogistic  Theory 
was  deposed  and  succeeded  by  the  Theory  of  Oxygen. 
But  this  circumstance  must  not  lead  us  to  overlook 
the  really  sound  and  permanent  part  of  the  opinions 
which  the  founders  of  the  phlogistic  theory  taught. 
They  brought  together,  as  processes  of  the  same 
kind,  a  number  of  changes  which  at  first  appeared 
to  have  nothing  in  common ;  as  acidification,  com- 
bustion, respiration.  And  the  importance  of  this 
classification  remains  undiminished,  whatever  are  the 
explanations  which  we  adopt  of  the  processes  them- 
selves. 

The  two  chemists  to  whom  are  to  be  ascribed  the 
merit  of  this  step,  and  the  establishment  of  the 
phlogistic  theory  which  they  connected  Tidth  it,  are 
John  Joachim  Beccher  and  George  Ernest  Stahl; 
the  former  of  whom  was  professor  at  Mentz,  and 
physician  to  the  Elector  of  Bavaria  (b.  1635,  d.  1682), 
the  latter  was  professor  at  Halle,  and  afterwards 
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*nyi]  physician  at  Berlin  {h.  1600,  d.  1734).  Tliese 
tifo  men,  who  thus  contributed  to  a  common  jmr- 
(Mwe,  were  very  different  from  each  other.  The  first 
was  a  frank  and  ardent  enthusiast  in  the  ])ursuit  of 
chemistry,  who  sjieaks  of  himself  and  his  employ- 
ments with  a  commuuicativeness  and  affection,  both 
amusing  and  engaging.  The  other  was  a  teacher  of 
peat  talents  and  influence,  but  accused  of  haughti- 
ness and  moroseness;  a  character  which  is  well 
borne  out  by  the  manner  in  which,  in  his  writings, 
he  anticipates  aa  unfavourable  reception,  and  defies  it. 
But  it  is  right  to  add  to  this,  that  he  speaks  of 
Becclier,  his  predecessor,  with  au  ungnidging  ac- 
knowledgement of  obligations  to  him,  and  a  vehement 
assertion  of  his  merit  as  the  founder  of  the  true 
system,  wliich  give  a  strong  impression  of  Stahl's 
justice  and  magnanimity. 

Beccher's  opinions  were  at  first  promulgated  rather 
w  a  correction  than  a  refutation  of  the  doctrine  of 
the  three  principles,  salt,  sulphur,  and  mercury. 
The  Diain  peculiarity  of  his  i^iows  consists  in  the 
s  trbicli  he  ascribes  to  lii|B  sulphur,  these  being 
i  as  afterwards  induced  Stahl  to  give  the  name 
ilogiston  to  this  element.  Beccher  had  the 
eity  to  see  that  the  reduction  of  metals  to  an 
earthy  form  (eali-),  and  the  formation  of  sulphuric 
Bcid  from  sulphur,  are  operations  connected  by  a 
1  analogy,  as  being  alike  processes  of  com- 
lioii.  Hence  the  metal  was  supposed  to  consist 
ikearth,  ami  of  something  which,  in  the  process 
rtioit,  was  eeparated ;  and,  iu  like  manner, 
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Bulphur  M^ns  supposes!  to  consist  of  the  sulphuric 
acid,  which  remained  after  its  combustion,  and  of 
the  combustible  part  or  true  sulphur,  which  flew  off 
in  the  burning.  Beccher  insist*  very  distinctly  upon 
this  difference  between  his  element  sulphur  and  the 
sulphur  of  his  Paracelsian  predecessors. 

It  must  be  considered  as  indicating  great  know- 
ledge and  talent  in  Stahl,  that  he  perceived  so  clearly 
what  part  of  the  views  of  Beccher  was  of  general 
truth  and  permanent  value.  Though  he'  every- 
where gives  to  Beccher  the  credit  of  the  theoretical 
opinions  which  he  promulgates,  (**  Beccheriana  sunt 
qua;  profero,")  it  seems  certain  that  he  had  the  merit, 
not  only  of  proving  them  more  completely,  and 
applying  them  more  widely  than  his  forerunner,  but 
also  of  conceiving  them  with  a  distinctness  which 
Beccher  did  not  attain.  In  1697,  appeared  Stahl's 
Zymotechnta  Ftmdamentalis  (the  Doctrine  of  Fermen- 
tation), "  simulquo  etvperimentum  novum  sulphur 
verum  arte  producendi."  In  this  work  (besides 
other  tenets  which  the  author  considered  as  very 
important),  the  opinion  published  by  Beccher  was 
now  maintained  in  a  very  distinct  form ;— namely, 
that  the  process  of  forming  sulphur  from  sulphuric 
acid,  and  of  restoring  the  metals  from  their  calces, 
are  analogous,  and  consist  alike  in  the  addition  of 
some  combustible  element,  which  Stahl  termed 
pUogistan  {tfikoyloTovy  combustible).  The  experiment 
most  insisted  on  in  the  work  now  spoken  of,  was 

'  Stahl,  Ftef.  ad  Spccim.  Beoch.  1703.         '  P.  117. 
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the  formation  of  sulphur  from  sulphate  of  potass  (or 
of  soda)  by  fiisiug  the  salt  witli  an  alkali,  and  throw- 
iog  in  coals  tt»  supply  phlogiston.  This  is  the  "  cx- 
perimentura  novum."  Though  Stahl  published  an 
account  of  this  process,  he  seems  almost  to  liave 
regretted  hie  opemiose.  "  He  denies  not,"  he  says, 
"  that  he  should  jieradventure  have  dissembled  this 
experiment  as  the  true  foundation  of  the  Beccherian 
ttscrtion  concerning  the  nature  of  sulphur,  if  he  had 
not  lieen  provoked  by  the  pretending  an'ogance  of 
eome  of  his  contemporaries." 

From  this  time,  Stahl'a  confidence  in  his  theory 
may  be  traced  becoming  more  and  more  settled  in 
bis  succeeding  publications.  It  is  hardly  necessary 
to  observe  lien?,  that  the  explanations  which  his 
theory  gives  are  easily  transformed  into  those  which 
the  more  recent  theory  supplies.  According  to 
modem  views,  tho  addition  of  oxygen  takes  place  in 
the  formation  of  ncide  and  of  calces,  ami  in  com- 
bustion, instead  of  the  subtraction  of  phlogiston. 
The  coal  which  Stahl  supposed  to  Bupi)ly  the  com- 
bustible in  his  experiment,  does  in  fact  absorb  the 
libenUcil  oxygen.  In  like  manner,  when  an  acid 
Cfirrodee  a  metal,  and,  accordiug  to  the  existing 
wv,  oxidates  it,  Stahl  supposed  that  the  phlogiston 
|ie  metal  combined  with  the  acid.  That  the 
tions  of  the  phlogistic  theory  are  so  gene- 
capable  of  being  translated  into  the  oxygen 
theorj-,  merely  hy  inverting  the  supposed  transfer  of 
fombustible  element,  shows  us  how  Important  a 
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step  towards  the  modem  doctrines  the  phlogistic 
theory  really  was. 

The  question,  whether  these  processes  really  were 
addition  or  subtraction,  was  decided  by  the  balance, 
and  belongs  to  a  succeeding  period  of  the  science. 
But  we  may  observe,  that  both  Beccher  and  Stahl 
were  aware  of  the  increase  of  weight  which  metals 
undergo  in  calcination ;  although  the  time  had  not 
yet  arrived  in  which  this  &ct  was  to  be  made  one  of 
the  bases  of  the  theory. 

It  has  been  said^  that  in  the  adoption  of  the 
phlogistic  theory,  that  is,  in  supposing  the  above- 
mentioned  processes  to  be  addition  rather  than  sub- 
traction, "  of  two  possible  roads  the  "wrong  was 
chosen,  as  if  to  prove  the  perversity  of  the  human 
mind."  But  we  must  not  forget  how  natural  it  was 
to  suppose  that  some  part  of  a  body  was  destroyed 
or  removed  by  combustion;  and  we  may  observe, 
that  the  merit  of  Beccher  and  Stahl  did  not  consist 
in  the  selection  of  one  road  of  two,  but  in  advancing 
so  far  as  to  reach  this  point  of  separation.  That, 
having  done  this,  they  went  a  little  further  on  the 
wrong  line,  was  an  error  which  detracted  little  from 
the  merit  or  value  of  the  progress  really  made.  It 
would  be  easy  to  show,  from  the  writings  of  phlogistic 
chemists,  what  important  and  extensive  truths  their 
theory  enabled  them  to  express  simply  and  clearly. 

That  an  enthusiastic  temper  is  favourable  to  the 
production  of  great  discoveries  in  science,  is  a  rule 

•  Herschel's  Introd.  to  Nat.  Phil.  p.  300. 


ich  suffers  no  exception  in  the  character  oC  Bec- 
In  his  preface*  addressed  "  to  the  benevolent 
sr**  of  his  Physica  Sttbten-anea,  he  speaks  of  the 
chemists  as  a  strange  class  of  mortals,  impelled  by 
an  almost  insane  impulse  to  seek  their  pleasure 
among  smoke  and  vapour,  soot  and  flame,  poisons 
snd  poverty.  "  Yet  among  all  these  evils,"  he  says, 
"I  seem  to  myself  to  live  so  sweetly,  that,  may  I 
(lie  if  I  'would  change  placea  with  the  Persian  king." 
He  is,  indeed,  well  worthy  of  admiration,  as  one  of  the 
first  who  pursued  the  labours  of  the  furnace  and  tlie 
labonitor}',  without  the  bribe  of  golden  ho)ief.  '*  My 
Idngdfun,"  be  says,  "  is  not  of  this  world.  I  trust 
that  I  liave  got  hold  of  my  pitcher  by  the  right 
handle, — the  true  method  of  treating  this  study. 
For  the  Pseudochymists  seek  gold ;  but  the  titie  philo- 
Mpkers,   science,  which  is  more  precious  than  any 


Tie  Phyi^ica  Subterranea  made  no  converts.  Stahl, 
Itllis  indignant  manner,  says',  "  No  one  will  wonder 
that  it  never  yet  obtained  a  physician  or  chemist  as 
a  disciple,  still  less  as  an  advocate."  And  again, 
"This  work  obtained  very  little  reputation  or  esti- 
matiou,  or,  to  sjieak  ingenuously,  as  far  as  I  know, 
none  whatever."  In  1671,  Beccher  published  a 
fiupplement  to  his  work,  in  which  he  showed  how 
metals  might  be  extracted  from  mud  and  sand.  He 
ufiered  to  execute  this  at  Vienna;  but  found  that 
people  there   cared  nothing  about   such  novelties. 


•  P(wf.  riijs-Sul..  1703. 
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He  vras  then  induced,  by  Baron  D'IsoIa,  to  po  I 
Holland  for  similar  purposes.  After  various  delaj 
and  quarrels,  lie  was  obliged  to  leave  Holland  fi 
fear  of  his  creditors ;  and  then,  I  suppose,  came  ( 
Great  Britain,  where  ho  examined  the  Scottish  an 
Cornish  mines.  He  is  stud  to  have  died  in  Londoi 
in  1682. 

Stahl'a  publications  appear  to  have  excited  iw 
notice,  and  led  to  controversy  on  the  "sVwjalled 
sulphur."  Tlie  success  of  the  experiment  had  been 
doubted,  which,  as  he  remarks,  it  was  foolish  to  make : 
matter  of  discussion,  when  any  one  might  decide  tU 
point  by  experiment;  and  finally,  it  had  been  qne< 
tioned  whether  the  substance  obtained  by  this  pw 
cess  were  pure  sulphur.  The  originality  of  his  doo 
trine  was  also  questioned,  which,  as  he  says,  couli 
not  with  any  justice  be  impugned.  He  pubUshed  u 
defence  and  devclopement  of  his  nphiion  at  variooi 
intervals,  as  the  Specimen  Beccherianvm  in  1 703,  the 
Documcntttm  Tkeorife  Beccheriana,  a  Dissertation  D9 
Ajiatomia  Stdphuris  Arfijiaalis ;  and  finally  "  Casual 
Thoughts  on  the  so-called  Sulphur,"  in  1718,  i 
which  lie  gave  (in  German)  both  an  historical  and 
systematic  view  of  his  o])inions  on  the  nature  of 
salts  and  of  his  Phlogiston. 

Recepdoti  and  ApplimHon   of  the    Therny ! 

theory  that  the  formation  of  sulphuric  acid,  and 
restoration  of  metals  from  their  calces,  arc  nnalngoua 
proccssc!*,  and  consist  in  the  addition  of  phfofjixton, 

s   soon     widely   received ;      aiul    the    Phlogistic 
School  was  thus  established.     From  Berlin. 
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ginal  scat,  it  was  difFused  into  all  parts  of  Europe. 
The  genera!  reception  of  the  theory  may  be  traced, 
not  only  in  the  use  of  tlie  tenn  "  phlogiston,"  and  of 
the  esplanntions  which  it  implies;  but  in  the  adop- 
tion of  a  nomenclature  founded  on  those  explanations, 
which,  though  not  very  extensive,  is  sufficient  evi- 
dence of  the  prevalence  of  the  theory.  TIius  when 
Priestley,  in  1774,  discovered  oxygen,  and  when 
Sfheele,  a  little  later,  discovered  chlorine,  these  gases 
wero  termed  depfihgisUcated  air,  and  dephlogistigated 
marine  acid;  while  azotic  acid  gas,  having  no  dispo- 
Bition  to  combustion,  was  supposed  to  be  saturated 
with  phlogiston,  and  was  called  phlogisticated  air. 

Tills  phraseology  kept  its  ground,  till  it  was  ex- 
pelled by  the  antiphlogistic,  or  oxygen  theory.  For 
iaatance.  Cavendish's  pajters  on  the  chemistry  of  the 
airs  are  expressed  in  terms  of  it,  although  his  re- 
searches led  him  to  the  confines  of  the  new  theory. 
We  must  now  give  an  account  of  such  researches, 
nd  of  the  consequent  revolution  in  the  science. 
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CHAPTER  V. 

Chemistry  of  Gases. — ^Black.    Cavendish. 

The  study  of  the  properties  of  aerifonn  substances, 
or  pneumatic  chemistry,  as  it  was  called,  occupied 
the  chemists  of  the  eighteenth  century,  and  was  the 
main  occasion  of  the  great  advances  which  the  science 
made  at  that  period.  The  most  material  general 
truths  which  came  into  view  in  the  course  of  these 
researches,  were,  that  gases  were  to  be  numbered 
among  the  constituent  elements  of  solid  and  fluid 
bodies ;  and  that,  in  these,  as,  in  all  other  cases  of 
composition,  the  compound  was  equal  to  the  sum  of 
its  elements.  Tlie  latter  proposition,  indeed,  cannot 
be  looked  upon  as  a  discovery,  for  it  had  been  fre- 
quently acknowledged,  though  little  applied;  and, 
in  fact,  it  could  not  be  referred  to  with  any  ad- 
vantage, till  the  aeriform  elements,  as  well  as  others, 
were  taken  into  the  account.  As  soon  as  this  was 
done,  it  produced  a  revolution  in  chemistry. 

The  credit  of  the  first  great  step  in  pneumatic 
chemistry  is,  with  justice,  assigned  to  Dr.  Black, 
afterwards  professor  at  Edinburgh,  but  a  young  man 
of  the  age  of  twenty-four  at  the  time  when  he  made 
his  discovery  ^  He  found  that  the  difference  be- 
tween caustic  lime  and  common  limestone  arose  from 

^  Tl^on^n's  Hist.  Chem.  i.  31 7* 


t,  that  tbe  latter  substance  consists  of  the  fonner, 

combined  with  a  certain  ^ir,  whieli,  being  thus  fixed 

io  the  solid  body,  he  called  Jij;ed  air  (carbonic  acid 

gas).     lie  found,  too,  that  magnesia,  caustic  potash, 

and  caustic  soda,  would  combine  with  the  same  air, 

with    similar   results.     This  discovery  consisted,  of 

course,  ill  a  new  interpretation  of  observed  changes, 

Aikalies  appeared  to  be  made  caustic  by  contact 

^Hb  quickUnie:  at  first  Black  imagined  that  they 

^^Berwent  this  change  by  acquiring  igneous  matter 

^^Kin  the  quicklime;  but  Mheii  he  perceived  that 

the  lime  gained,  not  lost,  in  magnitude  as  it  became 

he    rightly  supposed    that    the  alkaUes  were 

lercd  caustic  hy  imparting  their  air  to  the  hme. 

I  discovery  was  announced  in  Black's  inaugural 

pertation,  in  1755,  when  he  became  profeBSor  of 

istry  at  Glasgow. 
!be  chemistry  of  airs  was  pursued  by  other  expe- 
(enters.    The  Honourable  Henry  Cavendish,  about 
C  invented  an  apparatus,  in  Mhich  aerial  fluids 
3  confined  hy  water,  su  that  tliey  can  be  managed 
and  examined.     This  hydro-pneumatic  ajiparatus,  or, 
bit  is  sometimes  called,  (fie  pneumatic  trough,  from 
t  time  was  one  of  the  most  indispeusahic  parts  of 
Irchemist's  apparatus.    Cavendish",  in  1766,  showed 
I  identity  of  tbe  properties  of  fixed  air  derived 
I  various  sources;  and  pointed  out  the  pecuhar 
litiea  of  iiijiammullc  air,  (afterwards  called  liydro- 
Itgas.)  which,  being  nine  times  Ughter  than  common 
laoon  attracted  general  notice  by  its  em])loyment 
•  PLil.  Trans.  1760. 
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tot  raising  baUooiw.     Tbe  promise  of  lUscovery  wbicl 
this  subject   now   offered,  ^attracted    the    oonfidt 
and  busy  mind  of  Priestley,  whose  Experiments  at* 
Odsermdons  on  different  kitids  of  Air  appeared  iikl 
1774-78-    In  these  volumes,  he  describes  an  extra-l 
ordinary  number   of  trtalfl    of  various    kinds;    tha 
results  of  wluch  were,  tlie  discovery  of  new  kinds 
of  air,  namely  phhtfisHcated  air,  (azotic  gas,)  nitrom 
air,  (nitrous  gas,)  and  dephloffisticaied  air,  (oxygen  gas.) 
But  the   discovery   of    new   substances,   thougfir 
valuable  in  supplying  chemistry  irith  materials,  wa»l 
not   80    important  as   discoveries    respecting   theirj 
modes  of  composition.      Among  such   discoveriefl^ 
that  of  Cavendish,  published  in  the  Philosophical 
Transactions  for  1784,  and  disclosing  the  compositioB 
of  water  by  the  union  of  two  gases,  oxygen  and 
hydrogen,  must  be  considered  as  holding  a  mosft 
distinguished  place.     He  states*,  tliat  "his  experi. 
ments  were  made  principally  with  a  view  to  find 
the  cause  of  the  diminution  which  common  air  is 
well  known  to  suffer,  by  all  the  various  ways  ia' 
which  it  is  phiogisticated."    And,  after  desoribi: 
various  unsuccessful  attempts,  he  finfls  that  when" 
inflammable  air  is  used  in  this  phlogistication,  (<rf 
burning,)  the  diminution  of  the  common  air  is 
companied  by  the  formation  of  a  dew  ia  the  appft-^ 
ratus*.     And  thus  he  infers^  that  "almost  all  th» 
inflammable  air,  and  one-fifth  of  the  common  air,  are; 
turned  into  pure  water." 


I 

I 


'  PhiL  Trans.  1784,  p.  IW.     •  lb.  p.  128.      '  lb.  p.  120. 
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Lavoisier,  to  wfaoee  researches  this  result  wna,  as 

shall  soon  see,  very  important,  was  emplored  in 

&  simitar  attempt  at  the  same  time,  (1783.)  niid  had 

I?  succeeded*  wlien  he  learned  from  Blagdeii, 

aectetarj  of  the  Royal  Society  of  Loudon,  who 

preseut  at  the  experiment,  that  Caveudish  had 

le  the  discovery  a  few  months  sooner.     Monge 

about  the  same  time,  made  the  same  experi- 

nts,  and  communicated  the  result  to  Lavoisier 

1(1  Laplace  immediately  afterwards.     The  synthesis 

Traa   soon   confirmed   by  a   corresponding  analysis. 

Indeed  tlie  discovery  undoubtedly  lay  in  the  direct 

path  of  chemical  reseaix-h  at  the  time.     It  was  of 

Lt  consequence  in  the  view  it  gave  of  experlmeats 

composition ;  for  the  small  quantity  of  water  pro- 

iced  in  many  such  processes,  had  been  quite  ovei^ 

looked;    though,    as   it    now  .■ii>peared,    this    water 

oBered  the  key  to  the  whole  interpretation  of  the 

ebange. 

Though  some  objections  to  Mr.  Cavendish's  view 
were  offered  i)y  Klrwan',  on  the  whole  they  were 
generally  received  with  asseut  and  admiration.  But 
the  bearing  of  these  discoveries  upon  the  new  theory 
of  LftToisier,  who  rejected  i)hlogiston,  was  so  close, 
that  we  cannot  further  trace  the  history  of  the  sub- 
ject without  proceeding  immediately  to  that  theory. 
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Epoch  of  the  Theory  of  OxraEN. — Lavoisier. 


Sect  1. — Prelude  to  the  TJieory. — Its  PubUcation. 

We  arrive  now  at  a  great  epoch  in  the  history  of 
chemistry.  Few  revolutions  in  science  have  imme- 
diately excited  so  much  general  notice  as  the  intro- 
duction of  the  theory  of  oxygen.  The  simplicity 
and  symmetry  of  the  modes  of  combination  which  it 
assumed ;  and,  above  all,  the  construction  and  uni- 
versal adoption  of  a  nomenclature  which  applied  to 
all  substances,  and  which  seemed  to  reveal  their 
inmost  constitution  by  their  name,  naturally  gave  it 
an  almost  irresistible  sway  over  men's  minds.  We 
must,  however,  dispassionately  trace  the  course  of  its 
introduction. 

Antoine  Laurent  Lavoisier,  an  accomplished  French 
chemist,  had  pursued,  with  zeal  and  skill,  researches 
such  as  those  of  Black,  Cavendish,  and  Priestley, 
which  we  have  described  above.  In  1774,  he  showed 
that,  in  the  calcinations  of  metals  in  air,  the  metal 
acquires  as  much  weight  as  the  air  loses.  It  might 
appear  that  this  discovery  at  once  overturned  the 
view  which  supposed  the  metal  to  be  phlogiston 
added  to  the  calx.  Lavoisier's  contemporaries  were, 
however,  fiEur  from  allowing  this ;  a  greater  mass  of 


otfument  was  needed  to  bring  them  to  this  con- 
ejnsion.  Convincing  proofs  of  the  now  opinion 
Were,  however,  rapidly  supplied.  Thus,  when  Priest- 
ley had  discovered  dephlogisticated  air,  in  1774, 
liToisier  showed,  in  1775,  that  fixed  air  consisted  of 
rbarci>at  and  the  dephlogisticated  or  pure  air;  for 
the  mercurial  calx  which,  heated  by  itself,  gives  out 
pure  air.  gives  out,  when  heated  with  charcoal,  fixed 
«r',  which  has,  therefore,  since  been  called  carbotnc 
md  gas. 

Again,  Lavoisier  sliowed  that  the  atmospheric  air 
consittts  of  pure  or  vital  air,  and  of  au  unmtal  air, 
which  he  theuce  called  azot.  The  vital  air  he  found 
to  be  tlie  agent  hi  combustion,  acidification,  calcina- 
tion, respiration ;  all  these  processes  were  analogous ; 
all  consisted  in  a  decomposition  of  the  atmosplieric 
air,  and  a  fixation  of  the  pure  or  vital  portion  of  it. 
But  he  thus  arrived  at  the  conclusion,  that  this 
air  was  added,  in  all  the  cases  in  which,  ac- 
ling  to  the  received  theory,  pJdoifixion  was  sub- 
;ted,  and  vice  versa.  He  gave  the  name'  of 
oxygeii  {priricipe  oaygenc)  to  "the  substance  which 
thus  unites  itself  with  metals  to  form  their  calces, 
and  with  combustible  substances  to  form  acids." 
A  now  theory  was  thus  produced,  which  would 
lunt  for  all  the  facts  which  the  old  one  would 
ilaiii,  ami  had  besides  the  evidence  of  the  balance 
its  favour.  But  there  still  remained  some  ap- 
parent objections  to  be  removed.  In  the  action  of 
dilute  acids  on  metals,  inflammable  air  was  produced. 
A.  P.  1775.  •  lb.  J78I,  p.  44a 
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Whence  came  thia  element  ?     The  diecovLTj*  of  1 
decomposition   of  water  aufficieiitl)'  answered   this  i 
question,  and  convi'rted  tho  objection  into  an  arg»>  j 
ment  on  the  aide  of  tlie  theory :  and  thus  the  decom 
position  of  water  was.  in    fact,  one   of  the 
critical  events  for  the  fortune  of  tlie  Lavoisierian  ' 
doctrine,    and    one    which,    more    than    any   other, 
decided  chemists  in  its  favour.     Ju  succeeding  year^ 
Lavoisier  showed  the  consistency  of  his  theory  witi 
all  that  was  discovered  concerning  the  compositioi 
of  alcohol,  oil,  animal  and  vegetable  substaucoa,  lUK 
many  other  bodies. 

It  is  not  necessary  for  us  to  consider  any  furthei 
the  evidence  for  this  theory,  hut  we  must  record  i 
few   circumstances    respecting    its    earlier    Wstorj 
Rey,  a  French  jihysieian.  had.  in  1630,  jmblished  i 
book,  in  which  he  inquires  into  the  grounds  of  th( 
increase   of  the    weight  of  metals    by   calcinatlout 
He  eays,  "  To  this  <|ueBtion,  then,  sujiported  on  t 
grounds  already  mentioned,  T  answer,  and  maiuti 
with  confidence,  that  the  increase  of  weight  aris^ 
from  the  air,  which  is  condensed,  rendered    heav 
and  adhesive,  by  the  heat  of  the  furnace."      Hook 
and  Mayow  had  entertained  the  opinion  that  the  i 
contains  a  "  nitrous  Bpirit,"  which  is  the  support 
of  combustion.     But  Lavoisier  disclaimed  the  cbarg 
of  having  derived  anything  from  these  sources ; 
Is  it  difficult  to  understand  how  the  received  genen 
llsations  of  the  phlogistic  theory  had  thrown  all  Bud 
narrower  exj'lanations  into  obscurity.     Tlie  merit  fi 
"  Thomsou,  ii.  95. 


IT  OP  QXTOSS. 

iBVoisier  cousiMtc*!   io  his  combimog  the  gettenhtj 

Stahl   with   the   verified  coDJcctares  of  Ber 
Ktrow. 

No  one  rotUd  have  a  better  dum,  by  his  eari]r 
enthnaiasxD  for  science,  hif  extciHtve  kaowMgtk  aaA 
hk  zBalous  Uboun.  to  bofie  that  a  pvafe  dkaoTMy 
mi^t  fiUI  to  his  share,  than  I^rairier.  His  fiuher\ 
B  man  of  considetaLle  fonune.  had  allowed  hnn  ta 
make  wHenec  his  only  prafessioo ;  and  the  cealovi 
philosopher  collected  abont  him  a  oamber  of  A* 
t  active  phTtdeal  inquirers  of  his  time,  who  met 
1  experimented  at  his  home  one  daj  in  the  wncfc. 
this  school,  the  new  chetnietrr  was  pradaally 
A  few  Tears  after  the  pahlicatton  of 
sttl«T*s  first  experiments,  LaToiaer  wu  etmck 
the  presentiment  of  the  theory  vhirh  he  was 
I  to  produce-  Id  1772,  he  (le)>o«ted*  with 
rHw  aeerelarr  of  the  Acailemr,  a  note  whirh  con- 
tained the  germ  of  his  fiitare  doctrinee.  ••  At  that 
tiiDB,*'  he  says,  in  ex|>)aintn<B;  thi*;  step.  "  there  was  a 
kind  of  rii-atrr  between  France  and  Eughutd  In 
■rienee,  which  gave  importance  to  new  experiments, 
i  which  itomotimes  vm  the  cause  that  the  writera 
r  the  cnie  nr  other  of  the  nations  disputed  the  dis- 
BTOrywith  the  rwl  author."  In  1777,  the  editor 
he  Memoirs  of  the  Academy  speaks  of  his 
WTT  as  oTertnmlng  that  of  Stalil :  but  the  general 
inee  of  the  new  opinion  did  not   take  place 
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Sect.  2. — Recepdnn  and  Cmjirmation  of  the  Theonf, 
o/  Ojygen. 

The  oxygen  theory  made  its  way  with  extmordinaiy 
rapidity  among  the  best  philosophers'.  In  1785^ 
that  is,  soon  after  Cavendish's  sjTithesis  of  Ai'st^ 
had  removed  some  of  the  most  formidable  objectioi 
to  it,  BerthoUet,  already  an  eminent  chemist,  do 
clared  himself  a  convert.  Indeed  it  was  soon  90 
generally  adopted  in  France,  that  Fourcroy  promulK 
gated  its  doctrines  under  the  name  of  "  La  Chimia 
Fran<|»ise,"  a  title  which  Lavoisier  did  not  altogethei 
relish.  The  extraordinary  eloquence  and  success  t 
Fourcroy  as  a  lecturer  at  the  Jardin  des  Plaotes,  hail 
no  email  share  in  the  division  of  the  oxygen  theory  J 
end  the  name  of  "  the  apostle  of  the  new  chemistry^ 
which  was  at  first  given  him  in  ridicule,  was  justly 
held  by  him  to  be  a  glorious  distinction'. 

Guyton  de  filorveau,  who  had  at  first  been  i 
strenuous  advocate  of  the  phlogistic  theory,  wa 
invited  to  Paris,  and  brought  over  to  the  opinions  c 
Lavoixier ;  and  soon  joined  in  the  formation  of  tbi 
nomenclature  founded  upon  the  theory.  This  s 
of  which  we  sliall  shortly  speak,  fixed  the  new 
doctrine,  and  difl'used  it  further.  Delametheri 
alone  defended  the  phlogistic  theory  with  vigoui 
and  indued  witli  \ioleuee.  He  was  the  editor  of  t 
"  Journal  de  Physique,"  and  to  evade  the  influenw 


or  OXTGE3E. 


in      fiston :  aoc 


vldeb  tins  e^TC  trim,  the  antiphlogifttaiis*  e«t*- 
Utibed.  as  the  rdiiele  of  thtnr  opinions,  aaotber 
penodicml.  ti>e  •*  Annskc  de  Chimie." 
In  Engfauid.  indeed,  their  success  irs$  not  so  im- 
Carendtsh*.  id  liis  Memoir  of  1784, 
cf  the  qoestMHi  between  the  two  opinions  as 
There  are."  he  sarH,  "  sereral  Memoiis 
LaTotsier.  in  which  he  entirelr  discards  plilo- 
fiaton :  and  a.«  not  onlr  the  fore;|roing  experinieuts,  hut 
most  other  pheDomena  of  natare,  seem  explicable 
u  well,  or  iicariv  a^  well,  upon  this  as  upon  the  com- 
motdr  believed  principle  of  phlogiston,"  Cavendish 
proceeds  to  explain  his  experiments  according  to  the 
new  Tiewa.  expressing  no  decided  preference,  how- 
eTcr,  for  either  srstem.  Kirwau,  however,  another 
:li8h  chemia.  contested  the  point  much  raore 
tlutely.  His  theory  identified  inflammable  air. 
hydrogen,  with  phlogiston;  and  in  this  view,  he 
a  work  which  was  intended  as  a  confutation 
■the  essential  part  of  the  oxygen  tlieorj-.  It  is 
iDg  proof  of  the  steadiness  and  clearness 
wliich  the  advocates  of  the  new  system  pos- 
thcir  principles,  that  they  immediately  trans- 
lated tills  work,  adding,  at  the  end  of  each  chapter, 
ft  refutation  of  the  phlogistic  doctrines  which 
mtained.  Lavoisier,  BcrthoUet.  Do  Morveau, 
iroy,  and  Monge,  were  the  authors  of  this 
ious  specimen  of  scientific  polemics 


It  is  also 


P.  T.  1784,  p.  i:>o. 
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remarkftble  evidence  of  tlie  eniidour  of  Kirwao.  thftt 
notwithstanding:  the  prominent  part  he  hnd  taken  r 
the  eonfroversT,  lie  allowed  himself  at  last  io  he 
convinced.  After  a  stnig^gle  of  ten  year*,  lia 
wrote '°  to  Berthollet  in  1706,  "  I  lay  down  my  ann% 
and  abandon  the  canse  of  phln|^iston."  Blaek  fot 
lowed  the  same  courtte.  Priestley  alono,  of  all  1 
chemists  of  gi-oat  name,  would  never  assent  to  thi 
new  doctrines,  though  his  own  discoveries  had  coi» 
tributed  80  much  to  their  establishment.  "  H4 
r,"  saj-8  C'uiner",  "without  flinching,  the  most 
skilful  defenders  of  the  ancient  theory  go  over  t« 
the  enemy  in  succession ;  and  when  Kirwan  ha^ 
almost  the  last  of  all,  abjured  phlogiston,  Priestley 
remained  alone  on  the  field  of  battle,  and  threw  out)| 
new  challenge,  in  a  memoir  addressed  to  the  priocipi 
French  chemists."  It  ha])pened,  curiously  enonghj. 
that  the  challenge  was  accepted,  and  the  arguments 
answered  by  31.  Adet,  who  was  at  that  time  (1798,) 
the  French  ambassador  to  the  United  States,  in^ 
which  country  Priestley's  work  was  published.  Evei 
in  Grermany,  the  birtli-placo  and  home  of  the  phi* 
gistio  theory,  the  struggle  was  not  long  i)rotractedt 
There  was,  indeed,  a  controversy,  the  older  phi 
losophers  being,  as  usual,  the  defenders  of  the  cste 
blished  doctrines;  but  in  1702.  Klaproth  repeate 
before  the  Academy  of  Berlin,  all  the  fundaments 
experiments ;  and  '*  the  result  was  a  fiill  convictioi 


"  Prtf.  to  Fourcroy'B  CheiniBtry,  xir. 
"  Curier,  Eloge  de  Prieatley,  p,  208. 
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on  the  part  of  Klaprotli  and  the  Academy,  that  the 

Lavoisierian  theory  was  the  true  one".     Upon  the 

whole,  the  introduction  of  the  Lavoisierian  theory 

^■^  Iho  BCicntitic  world,  when    compared    with    the 

^^MMt   revoiation    of    opinion   to    which    it    comes 

^HpurMt  in  importance,  the  introduction  of  the  New- 

^^■l^ian  theory,  eIiows,  by  the  rapidity  and  temper 

^^nplth  which  it  took  place,  a  great  improvement,  both 

in  the  means  of  aniving  at  truth,  and  in  the  spirit 

with  which  they  were  used. 

Some  English  writers'*  have  expressed  an  opinion, 
that  there  was  little  that  was  original  in  the  new 
doctrines.     But  if  they  were  so  obvious,  what  are 
we  to  say  of  eminent  chemists,  as  Black  and  Caven- 
dish, who    hesitated  wlien  they  were  presented,  or 
■J&irwan  and  Priestley,  who  rejected  them  ?     This  at 
^^but  shows  that  it  required  some  peculiar  insight  to 
^■ilM  the  evidence  of  these  truths.     To  say  that  most 
of  the  materials  of  Lavoisier's  theory  existed  before 
him.  is  only  to  say  that  his  great  merit  was,    that 
which  must  always  be  the  great  merit  of  a  new 
theory,   his  generalisation.      The    effect  which   the 
publication    of   his   doctiines    produced,    shows    us 
that  he  was  the  first  person  who,  possessing  clearly 
the    idea    of    quantitative    composition,   applied   it 
/Ally  to  a  great  range  of  well-ascertained   facts. 
I^s  ia.  as  we  have  often  had  to  observe,  precisely 
I  tmiversal  description  of  an  induotivo  discoverer. 


Lunn,   Chem. 
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It  has  been  objected,  in  like  manner,  to  the  ori- 
rf^nality  of  Newton'8  discoveries,  that  they  were  con- 
lined  iu  those  of  Kepler.  They  were  so,  but  they 
needed  a  Newtou  to  find  them  there.  The  origi- 
nality of  tlie  theory  of  oxygen  is  proved  by  the  con- 
flict, short  as  it  was,  which  accompanied  its  promul- 
gation; its  importance  is  shown  by  the  changes 
•which  it  soon  occasioned  in  e^ery  part  of  the  science. 
Thus  Lavoisier,  far  more  fortunate  than  most  of 
those  who  had,  in  earlier  ages,  produced  revolutions 
in  science,  saw  his  tlieory  accepted  by  all  the  most 
eminent  men  of  his  time,  and  established  over  a 
great  part  of  Europe  within  a  few  years  from  its  firBt 
promulgation.  In  the  common  course  of  events,  it 
might  have  been  expected  that  the  later  years  of  hia 
life  would  have  been  spent  amid  the  admiration  and 
reverence  which  naturally  wait  upon  the  patriarch  of 
a  new  system  of  acknowledged  truths.  But  the 
times  in  which  he  Uved  allowed  no  such  euthanasia 
to  eminence  of  any  kind.  The  democracy  which 
overthrew  the  ancient  political  institutions  of  France, 
and  swept  away  the  nobles  of  the  land,  was  not.  as 
might  have  been  expected,  enthusiastic  in  its  admi- 
ration of  a  great  revolution  in  science,  and  forward 
to  offer  its  homage  to  the  genuine  nobility  of  a  great 
discoverer.  Lavoisier  was  thrown  into  prison  on 
some  wretched  charge  of  ha\'ing,  in  the  discharge  of 
a  public  office  which  he  held,  adulterated  certain 
tobacco ;  but  in  reality,  for  the  purjiose  of  coufis- 
L^ting  his  property".  In  his  imprisonment,  his  pbi- 
'•  Biog.  Uuiv.  (CuTit-r.) 
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loBophy  "vns  his  resource ;  and  he  employed  himself 
in  the  preparation  of  his  papers  for  printing.  When 
he  was  brought  before  the  revolutionary  trihuual,  he 
begged  for  a  respite  of  a  few  days,  in  order  to  com- 
}>Iete  some  researches,  the  results  of  which  were,  he 
Baid.  important  to  the  good  of  humanity.  The 
brutish  idiot  whom  the  state  of  the  country  at  that 
time  had  placed  in  the  judgment-seat,  told  him  that 
the  republic  wanted  no  8(;avan9.      He  was  dragged 

the  guillotine,  May  the  8th,  1794,  and  beheaded. 
In  the  fifty-second  year  of  his  age ;  a  melancholy 
proof  that,  in  periods  of  political  ferocity,  innocence 
and  merit,  private  virtues  and  public  services,  amiable 
manners  and  the  love  of  friends,  literary  fame  and 
exalted  genius,  are  all  as  nothing,  to  protect  their 
poflseesor  from  the  last  extremes  of  violence    and 

tDg>  inflicted  under  judicial  forms. 


Seel.  3. — NonmiclnUire  nf  the  O-ri/gcn  Them-if. 


was 


As  we  have  already  said,  a  powerftil  instrument  in 
establishing  and  diffusing  the  new  chemical  theory, 
was  a  systematic  nomenclature  founded  upon  it,  and 
tplicable  to  all  chemical  compounds,  which  was  soon 
istructed  and  published  by  the  authors  of  the  theory, 
ich  a  nomenclature  made  its  way  into  general  use 
le  more  easily,  in  that  the  want  of  such  a  system 
lad  already  been  severely  felt ;  the  names  in  common 
use  being  fantastical,  arbitrarj-,  and  multiplied  be- 
yond measure.  Tlie  number  of  known  substances 
become  so  great,  that  a  list  of  names  with  no 
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regulative  principles,  founded  on  accident,  caprice 
and  error,  was  too  cumbrous  and  inconvenient  to  be 
tolerated.  Even  before  the  currency  which  Lavoi- 
sier's theory  obtained,  these  evils  had  led  to  attempts 
towards  a  more  convenient  set  of  names.  Bergman 
and  Black  had  constructed  such  lists ;  and  Guyton 
de  Morv'eau,  a  clever  and  accomplished  lawyer  of 
Dijon,  had  formed  a  system  of  nomenclature  in 
1782,  before  he  had  become  a  convert  to  Lavoisier's 
theory,  in  which  task  he  had  been  exhorted  and 
encouraged  by  Bergman  and  Macquer.  In  this  sys- 
tem*', we  do  not  find  most  of  the  cliaracters  of  the 
method  which  was  afterwards  adopted.  But  a  few 
years  later,  Lavoisier,  De  Morveau,  Berthollet  and 
Fourcroy,  associated  themselves  for  the  purpose  of 
producing  a  nomenclature  which  should  correspond 
to  the  now  theoretical  views.  This  appeared  in  1787, 
and  soon  made  its  way  into  general  use.  The  main 
features  of  this  system  are,  a  selection  of  the  sim- 
plest radical  words,  by  which  substances  are  desig- 
nated, and  a  systematic  distribution  of  terminations, 
to  express  their  relations.  Thus,  sulphur,  combined 
with  oxygen  in  two  different  proportions,  forms  two 
acids,  the  sulphurow^  and  the  sulphuric ;  and  these 
acids  form,  Avith  earthy  or  alkaline  bases,  Bvlphites 
and  sulphflfc^ ;  while  sulphur  directly  combined  with 
another  element,  forms  a  sulphwrc/.  The  term  aryd 
(now  usually  written  oa^ide,)  expressed  a  lower  degree 
of  combination  with  oxygen  than  the  acids.     The 

'*  Journal  de  Physique,  1783,  p.  370. 


!thode  de  Nomenclature  Cliimique"  was  pub- 
il  in  1787;  and  in  1789.  Lavoisier  published  a 
i«e  on  chemistry  in  onler  further  to  explain  this 
lod-  In  the  preface  to  this  volume,  he  apolo- 
forthe  yrt-at  amount  of  the  changes,  and  pleads 
10  authority  of  Bergman,  who  had  exhorted  Morveau 
'■  to  spare  no  improper  names ;  those  who  are  learned 
.1  always  be  learned,  and  those  who  are  ignorant 
tljus  ieam  sooner."  To  this  maxim  they  so  far 
nned,  that  their  STBtem  offers  few  anomalies ; 
kod  though  the  progress  of  discovery,  and  the  con- 
sequent changes  of  theoretical  opinions,  which  have 
tince  gone  on,  appear  now  to  require  a  further  change 
of  nomenclature ;  it  is  no  small  evidence  of  the  skill 
with  which  this  scheme  was  arranged,  that  for  half 
&  century  it  was  universally  used,  and  felt  to  be  far 
more  useful  and  effective  than  any  nomenclature  in 
ly  science  had  ever  been  before. 


^wHlal 
^BltL 
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CHAPTER  VII. 

Application  and  Correction  of  the  Oxygen 

Theory. 

Since  a  chemical  theory,  as  far  as  it  is  true,  must 
enable  us  to  obtain  a  true  view  of  the  intimate  com- 
position of  all  bodies  whatever,  it  will  readily  be 
supposed  that  the  new  chemistry  led  to  an  inmiense 
number  of  analyses  and  researches  of  various  kinds. 
These  it  is  not  necessary  to  dwell  upon ;  nor  will  I 
even  mention  the  names  of  any  of  the  intelligent 
and  diligent  men  who  have  laboured  in  this  field. 
Perhaps  one  of  the  most  striking  of  such  analyses 
was  Davy's  decomposition  of  the  earths  and  alkalies 
into  metallic  bases  and  oxygen,  in  1807  and  1808 ; 
thus  extending  still  further  that  analogy  between  the 
earths  and  the  calces  of  the  metals,  which  had  had 
so  large  a  share  in  the  formation  of  chemical  theories. 
This  discovery,  however,  both  in  the  means  by  which 
it  was  made,  and  in  the  views  to  which  it  led,  bears 
upon  subjects  hereafter  to  be  treated  of. 

The  Lavoisierian  theory  also,  wide  as  was  the 
range  of  truth  which  it  embraced,  required  some 
limitation  and  correction.  I  do  not  now  speak  of 
some  erroneous  opinions  entertained  by  the  author 
of  the  theory ;  as,  for  instance,  that  the  heat  produced 
in  combustion,  and  even  in  respiration,  arose  from 
the  conversion  of  the  oxygen  gas  to  a  solid  consist- 
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ence,  according  to  the  doctrine  of  latent  heat, 
Sucii  opinions  not  being  necessarily  connected  with 
the  general  idea  of  the  theory,  need  not  here  be 
considered.  But  the  leading  generalisation  of  Lavoi- 
sier, that  acidification  was  always  combination  with 
oxygen,  was  found  untenable.  The  point  on  which 
the  contest  on  this  subject  took  place  was  the  con- 
stitution of  the  (wy/flKnaft'c  and  muriatic  acids; — as 
they  had  been  termed  by  Berthollet,  from  the  belief 
that  muriatic  acid  contained  oxygen,  and  oxymuriatic 
a  8tiU  larger  dose.  In  opposition  to  this,  a  new 
doctrine  was  put  forwards  in  1809  by  Gay- 
Lussac  and  Thenard  in  France,  and  by  Davy 
in  England; — namely,  that  oxjinuriatic  acid  was 
a  simple  substance,  Mhich  they  termed  chlorine,  and 
that  muriatic  acid  was  a  combination  of  chlorine 
with  hydrogen,  which  therefore  was  called  hydro- 
chloric  acid.  It  may  be  observed,  that  the  point  in 
dispute  in  the  controversy  on  this  subject  was  nearly 
the  same  which  had  been  debated  in  the  course  of 
the  establishment  of  the  oxygen  theory ;  namely, 
whether,  in  the  formation  of  muriatic  acid  from 
chlorine,  oxygen  is  subtracted,  or  hydrogen  added, 
and  the  water  concealed. 

In  the  course  of  this  dispute,  it  was  allowed  on 
both  sides,  that  the  combination  of  dry  muriatic  acid 
and  ammonia  aflbrded  an  ejyerimeiiium  a-ucis ;  since, 

water  was  produced  from  these  elements,  oxygen 
have  existed  in  the  acid.  Davy  being  at  Edin- 
;h  in  1812,  this  experiment  was  made  in  the 
presence  of  several  eminent  philosophers ;  and  the 


sou  u 
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result  was  found  to  be,  that  though  a  slight  dew 
appeared  in  the  vesaol.  thero  wa*  not  more  than 
might  be  ascjibed  to  unavoidable  imperfection  iu 
the  prooesB,  and  certainly  not  m  much  as  the  old 
tlieory  of  muriatio  acid  required.  The  new  theoiy, 
after  this  period,  obtained  a  clear  euperiority  in  the 
minds  of  philoauphical  chemists,  and  wm  fiirtber 
Bupported  by  new  analogies'. 

For,  the  existence  of  one  hydracid  being  thus  esta- 
blished, it  WAS  found  that  other  substances  gave  simi- 
lar combinations;  and  thus  chemists  obtained  the 
AyrfWorftt',  /it^rqfiiioric,  and  hydrvbromw  acids.  These 
acids,  it  is  to  be  observeil,  form  salts  Mith  banes,  in 
the  same  manner  as  the  oxygen  acids  do.  The  ana- 
logr  of  tliu  muriatio  and  fluoric  compounds  was  first 
clearly  urged  by  a  philosopher  who  was  not  pecU" 
liarly  engaged  in  chemical  research,  but  who  wax 
often  distinguished  by  liis  rapid  and  hapjiy  generali- 
sations, M.  Ampere.  He  supported  this  analogy  by 
many  ingenious  and  original  arguments,  in  letter* 
written  to  Davy,  while  that  chemist  was  engaged  In  hit 
researches  on  fluor  spar,  as  Davy  himself  declares*. 

Still  further  changes  have  been  proposed,  in  that 
classification  of  elementary  substances  to  vhich  the 
oxygen  theory  led.  It  has  been  held  by  Berseliua 
«nd  others,  that  other  elements,  as,  for  example^ 
lulphur,  form  Jto/fc)  with  the  alkaline  and  eartby 
wetols,  rather  than  sul]ihuret8.      Tlie  character  of 

,ese  sulpho-saltSt  however,  ia  still  qaeationed  among' 
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lists ;  and  therefore  it  does  not  become  its  to 
II  as  if  their  place  iu  history  were  settled.  Of 
it  will  easily  be  understood  that,  in  the  aame 
ler  iu  which  the  oxygen  theory  introduced  its  own 
iper  nomenclature,  the  overthrow  or  material  trans- 
fcniiatiou  of  the  theory  would  require  a  change  in  the 
Domonclature ;  or  rather,  the  anomalies  which  tended 
to  disturb  the  theory,  would,  aa  they  were  detected, 
;e  the  theoretical  terms  bo  felt  as  inappropriate, 
would  suggest  the  necesaity  of  a  reformation  in 
that  respect.  But  the  discussion  of  this  point 
bolougs  to  a,  etej)  of  the  science  which  is  to  come 
.Iiefore  us  hereafter. 

b>  It  may  be  observed,  that  in  approaching  the  limits 
W  this  part  of  our  subject,  as  we  are  now  doing,  the 
doctrine  of  the  combination  of  acids  and  baaes,  of 
which  we  formerly  traced  the  rise  and  prfigress,  is 
assumed  as  a  fundamental  relation  by  which 
relations  are  tested.  This  remark  connects 
stage  of  chemistry  now  under  our  notice  with  its 
steps.  But  in  order  to  point  out  the  chemical 
iiig  of  the  next  subjects  of  our  narrative,  we  may 
■  observe,  that  metals,  earths,  salts,  are  spoken 
known  classes  of  substances ;  and  in  like 
ir  the  newly  discovered  elements,  which  form 
It  trophies  of  chemistry,  have  been  distributed 
such  classes  according  to  their  analogies ;  thus 
tm,  sodium^  barium,  have  beeu  asserted  to  be 
;  iodine,  bromine,  fluorine,  have  been  arranged 
dogical  to  cidwine.  Yet  there  is  something 
and  indefinite  in  the  boundaries  of  such  classi- 
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fications  and  analogies ;  and  it  is  precisely  where  this 
vagueness  falls,  that  the  science  is  still  obscure  or 
doubtfiil.  We  are  led,  therefore,  to  see  the  depend- 
ence of  chemistry  upon  classification ;  and  it  is  to 
sciences  of  classification  which  we  shall  next  pro- 
ceed ;  as  soon  as  we  have  noticed  the  most  general 
views  which  have  been  given  of  chemical  relations, 
namely,  those  of  the  electro-chemists. 

But  before  we  do  this,  we  must  look  back  upon  a 
law  which  obtains  in  the  combination  of  elements, 
and  which  we  have  hitherto  not  stated;  although 
it  appears,  more  than  any  other,  to  reveal  to  us  the 
intimate  constitution  of  bodies,  and  to  ofier  a  basis 
for  future  generalisations.  I  speak  of  the  atomic 
theory^  as  it  is  usually  termed;  or,  as  we  might 
rather  call  it,  the  doctrine  of  definite,  reciprocal,  and 
multiple  proportions. 


lOBY  OP  Definite,  Recipkocal,  and  Multiple 

PROPORTION'S. 


wSect.  1. — Pn-htde  to  the  Atomic  Theory,  and  Us 
P/iLIicatioH  by  DaUon. 


The  general  laws  of  chemical  combination  announced 
by  Mr.  Dalton  are  truths  of  the  highest  importance  in 
the  science,  and  are  now  nowhere  contested  ;  but  the 
Tiew  of  matter  as  constituted  of  atoms,  which  he  has 
ployed  in  conveying  those  laws,  and  in  expressing 

I  opinion  of  their  cause,  is  neither  so  important 
"tor  so  certain.  In  the  place  which  I  here  assign 
to  his  discovery,  as  one  of  the  great  events  of  the 
history  of  chemistry,  I  speak  oidy  of  the  laui  of 
phenomena,  the  rules  which  govern  the  quantities  in 
which  elements  combine. 

This  law  may  be  considered  as  consisting  of  three 
fititf),  according  to  the  above  description  of  it; — 
ihat  elements  combine  in  definite  proportions ; — that 
tlieiie  determining  proportions  operate  redprocaUy ; — 
ud  that  when,  between  the  same  elements,  several 

nbining  proportions   occur,  they  are  related  as 
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soon  as  it  was  suppoeeil  tliat  chemical  compoutuj 
had  any  definite  jiroiJerties.  Tho(*e  who  first  a) 
tempted  to  establish  regular  formulie'  for  the  C(H 
stitution  of  salts,  minerals,  and  other  compound 
assumed,  by  this  process,  that  the  elements  in  di 
ferent  specimens  had  the  same  proportion,  Weaza 
in  1777,  published  his  Lehre  toh  d&r  Venvand^ch^ 
der  Koifcr;  or,  Doctrine  of  the  Affinities  of  Bodies 
in  whicli  he  gave  many  good  and  accumte  analyse 
His  ■work,  it  is  said,  never  grew  into  general  notio 
BerthoUet,  as  we  have  already  stated,  maiutaiu« 
that  chemical  compounds  were  not  definite;  bl 
this  controversy  took  place  at  a  later  period.  ', 
ended  in  the  establishment  of  the  doctrine,  that  thei 
ia,  for  each  combination,  only  one  [troportion  of  t 
elements,  or  at  most  only  two  or  three. 

Not  oidy  did  Wenzcl,  by  his  very  attempt,  pfl 
sume  the  first  law  of  chemical  composition,  the  d^ 
niteness  of  the  })roportiou8,  but  he  was  also  led,  by  hi 
results,  to  the  second  rule,  that  they  are  reciproca 
For  ho  found  that  when  two  neutral  salts  decompoi 
each  other,  the  resulting;  salts  arc  also  neutral.  Th 
neutral  character  of  the  salts  shows  that  they 
definite  compounds;  and  when  the  two  elements  < 
the  one  salt,  P  and  s,  are  pi-esenteil  to  those  of  t 
other,  B  and  »,  if  P  ho  in  such  quantity  as  to  con 
bine  definitely  with  ti,  li  will  also  combme  deiiiiitel 
with  s. 

Views  similar  to  tliose  of  Wenzel  were  al 
lished  by  Jeremiah  Benjamin  Richter'  in  1792,  in  It 


'  lliomwii,  Ilist.  Chem.  vol.  i 
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^angjtfjrUnde  der  Sfochi/nmefric,  odcr  Me-ishnixt  Chy* 
miscJier  Efemente,  (Priiici|ile9  of  the  Measure  of  ChemU 
«il  Elementa.)  in  which  he  took  the  law,  just  stated,  of 
reciprocal  proportions,  as  the  basis  of  hia  researches, 
and  detomiined  the  numerical  quantities  of  the  com- 
mou  bases  and  acidg  which  would  saturate  cacli  other. 
It  is  clear  that,  by  these  steps,  the  two  first  of  our 
three  rules  may  be  considered  as  fully  developed.  The 
ebanfj^  of  general  views  which  was  at  this  time  going 
on,  probably  prevented  chemists  from  feeling  so 
much  interest  as  they  might  have  done  othenvise,  in 
these  details ;  the  French  and  English  chemists,  in 
particular,  were  fully  employed  with  their  own  re- 
•earches  and  controversies. 

Thus  the  rules  which  had  already  been  published 
by  Wenzel  and  Richterhad  attracted  so  little  notice, 
tliat  we  can  hanlly  consider  Mr.  Dalton  as  having  been 
nntiripated  by  those  writers,  when,  in  1803,  he  began 
to  communicate  his  views  on  the  chemical  constitu- 
tion of  bodies ;  these  views  Iteing  such  as  to  include 
both  these  two  rules  in  their  most  general  form, 
and  further,  the  rule,  at  that  time  still  more  new  to 
chemists,  of  miitlip/e  proportions.  He  conceived 
bodies  as  composed  of  atoms  of  their  constituent  ele- 

Mtc,  grouped,  cither  one  and  one,  or  one  and  two, 
ine  anii  tiirce,  and  so  on.  Thus,  if  c  represent  an 
I  of  carbon  and  o  one  of  oxygen,  o  c  will  I>e  an 
I  of  carbonic  oj.-ide,  and  o  c  o  an  atom  of  cai-hnnic 
;  Mid  hence  it  follows,  that  while  both  these  bodies 
J  a  definite  (luantity  of  oxygen  to  a  given  quan- 
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tity  of  carbon,  in  the  latter  substance  this  quantity 
is  double  of  what  it  is  in  the  former. 

The  consideration  of  bodies  as  consisting  of  com- 
pound atoms,  these  being  composed  of  elementary 
ones,  naturally  led  to  this  law  of  multiple  propor- 
tions. In  this  mode  of  viewing  bodies,  Mr.  Dalton 
had  been  preceded  (unknown  to  himself)  by  Mr. 
Higgins,  who,  in  1789,  published*  his  Comparative 
View  of  tJie  PJdogistic  and  Aniiphloffistic  Theories. 
He  there  says*,  "Tliat  in  volatile  vitriolic  acid,  a 
single  ultimate  particle  of  sulphur  is  united  only  to 
a  single  particle  of  dephlogisticated  air ;  and  that  in 
perfect  vitriolic  acid,  every  single  particle  of  sulphur 
is  united  to  two  of  dephlogisticated  air,  being  the 
quantity  necessary  to  saturation;"  and  he  reasons 
in  the  same  manner  concerning  the  constitution  of 
water,  and  the  compounds  of  nitrogen  and  oxygen. 
These  observations  of  Higgins  were,  however,  made 
casually,  and  not  followed  out,  and  cannot  affect 
Dalton's  claim  to  original  merit. 

Mr.  Dalton's  generalisation  was  first  suggested' 
during  his  examination  of  olefiant  gas  and  carburetted 
hydrogen  gas;  and  was  asserted  generally,  on  the 
strength  of  a  few  facts,  b^ing,  as  it  were,  irresistibly 
recommended  by  the  clearness  and  simplicity  which 
the  notion  possessed.  Mr.  Dalton  himself  repre- 
sented the  compound  atoms  of  bodies  by  symbols 
which  professed  to  exhibit  the  arrangement  of  the 

■ 

•  Tumei^s  Chem.  p.  217.  *  P.  36  and  37. 

*  Thomson,  vol.  ii.  p.  291. 


THEORY   OP  DEFINITE  PHOPORTIONS. 

meotary  atoms ;  and  he  attached  {p^at  importance 
to  this  part  of  his  scheme.  It  is  clear,  liowcver,  that 
this  part  is  not  essential  to  that  numerical  comparison 
of  the  law  with  facts,  on  whicli  its  estabUshment 
rest*.  These  hypothetical  configurations  of  atoms 
have  no  value  till  they  are  confinned  by  corresponding 
fiwtR,  such  as  the  optical  or  crystalline  properties  of 
jhodies  may  perhaps  one  day  fiiniish. 

■^      Sn-i.  2. — Mccepiion  and  Coujirmation  of  the 
Atomic  Theory, 

\v  order  to  give  a  sketch  of  the  progress  of  the 
Atomic  Theory  into  general  reception,  we  cannot 
do  fietter  than  borrow  our  information  mainly  from 
Dr.  Thomson,  who  was  one  of  the  earliest  converts 
and  most  etfective  promulgators  of  the  doctrine. 
Mr.  Daltou,  at  the  time  when  he  conceived  his 
theor)\  was  a  teacher  of  mathematics  at  Manchester, 
in  circumstances  which  might  have  been  considered 
darruw,  if  he  himself  had  been  less  simjilc  in  his 
manner  of  life,  and  less  moderate  in  his  worldly  views. 
His  experiments  were  generally  made  with  apparatus 
of  which  the  simplicity  and  cheapness  corresponded  to 
the  rest  of  his  habits.  In  1804,  he  was  already  in 
p068e6ision  of  Iiis  atomic  theory,  and  explained  it  to 
Or.  Thomson,  who  visited  him  at  that  time.  It  was 
^^Mde  known  to  the  chemical  world  in  Dr.  Thomson's 
^Hwmuffy,  in  1H07;  and  in  Dalton's  own  St/stent  of 
^^^emistrt/  (1808)  the  leading  ideas  of  it  were  very 
briefly  stated.     Dr.  \\''ollastoa'8  memoir,  **  on  supeiv 
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acid  and  subacid  salts,"  which  appeared  in  the  Philo<« 
sophical  Transactions  for  1808,  did  much  to  secure 
this  theory  a  place  in  the  estimation  of  chemists. 
Here  the  author  states,  that  he  had  observed,  in 
various  salts,  the  quantities  of  acid  combined  with 
the  base  in  the  neutral  and  in  the  superacid  salts  to 
be  as  one  to  two :  and  he  says  that,  thinking  it  likely 
this  law  might  obtain  generally  in  such  compounds, 
it  was  his  design  to  have  pursued  the  subject,  with 
the  hope  of  discovering  the  cause  to  which  so  regular 
a  relation  may  be  ascribed.  But  he  adds,  that  this 
appears  to  be  superfluous  after  the  publication  of 
Dalton's  theory  by  Dr.  Thomson,  since  all  such  foots 
are  but  special  cases  of  the  general  law.  We  cannot 
but  remark  here,  that  the  scrupulous  timidity  of 
WoUaston  was  probably  the  only  impediment  to  his 
anticipating  Dalton  in  the  publication  of  the  rule  of 
multiple  proportions ;  and  the  forwardness  to  gene- 
ralise, which  belongs  to  the  character  of  the  latter, 
justly  secured  him,  in  this  instance,  the  name  of  the 
discoverer  of  this  law.  The  rest  of  the  English 
chemists  soon  followed  VVollaston  and  Thomson, 
though  Davy  for  some  time  resisted.  They  objected, 
indeed,  to  Dalton's  assumption  of  atoms;  and,  to 
avoid  this  hypothetical  step,  WoUaston  used  the 
phrase  chemical  equivalents^  and  Davy  the  word  prih 
portions^  for  the  numbers  which  expressed  Dalton's 
atomic  weights.  We  may,  however,  venture  to  say 
that  the  term  **  atom"  is  the  most  convenient,  and  it 
need  not  be  understood  as  claiming  our  assent  to 
the  hypothesis  of  indivisible  molecules. 
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^^H&8  ArVoIIaston  and  Dalton  More  thus  arriving  inde- 
^^H^leiitly  at  the    same    result   in    Knglaud,    other 
^^fnnists,  in  otlier  countries,  were,  unknown  to  each 
othep,  travelling  towards  the  same  point. 

In  1807.  Berzeliu8°,  intcmlin;?  to  publish  a  syetem 
of  chemistry,  went  through  several  works  little  read, 
aad  among  others  the  treatises  of  Ricliter.  He  was 
nstoniahed,  ho  tells  us,  at  the  light  which  was  there 
thrown  upon  composition  and  decomposition,  and 
which  had  never  been  turned  to  jiroflt.  He  was  led 
to  a  long  trwn  of  experimental  research,  and,  when 
be  received  information  of  Dalton's  ideas  concerning 
^jmltiple  proportions,  he  found,  in  his  own  cidlcction 
^^BbnaU'SCs,  a  full  confirmation  of  this  theory. 
^^^Bome  of  the  Germans,  indeed,  a]>pear  discontented 
with  the  partition  of  reputation  which  has  taken 
place  with  respect  to  the  Theorj-  of  Definite  Propor- 
lionfl.  One'  of  thom  says,  "Dalton  has  only  done 
this; — ^he  has  wrajit  up  the  good  Ilichter  (whom  ho 
knew;  compare  Schweigger.  T.,  older  series,  vol.  x., 
p.  381 ;)  in  a  ragged  suit,  patched  together  of  atoms ; 
tiul  now  poor  Riehter  comes  back  to  his  own 
oonntry  in  such  a  garb,  like  Ulysses,  and  is  not  re- 
ec^izcd."  It  is  to  he  recollected,  however,  that 
Jlter  Kays  nothing  of  multiple  proportions. 
!he  general  doctrine  of  the  atomic  theory  in  now 
lly  established  over  the  «holo  of  the  chemical 
There  remain  still  several  controverted 
I,  as,  for  instance,  whether  the  atomic  weights 
I  elements  are  exact  multiples  of  the  atomic 
t.  Chcm.  h.  iii.  p.  27.       '  Marc.  Gcsch.  der  Cryst.  p.  202. 
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weight  of  hydrogen.  Dr.  Prout  advanced  several 
instances  in  which  this  appeared  to  be  true,  and  Dr. 
Thomson  has  asserted  the  law  to  be  of  universal 
application.  But,  on  the  other  hand,  Berzelius  and 
Dr.  Turner  declare  that  this  hjrpothesis  is  at  variance 
with  the  results  of  the  best  analyses.  Such  contro- 
verted points  do  not  belong  to  our  history,  which 
treats  only  of  the  progress  of  scientific  truths  already 
recognised  by  all  competent  judges. 

Though  Dalton's  discovery  was  soon  generally 
employed,  and  universally  spoken  of  with  admiration, 
it  did  not  bring  to  him  anything  but  barren  praise, 
and  he  continued  in  the  humble  employment  of 
which  we  have  spoken,  when  his  &me  had  filled 
£uro])e,  and  his  name  become  a  household  word  in 
the  laboratory.  After  some  years  he  was  appointed 
a  corresponding  member  of  the  Institute  of  France; 
which  may  be  considered  as  a  European  recognition 
of  the  importance  of  what  he  had  done;  and, 
in  1826,  two  medals  for  the  encouragement  of 
science  having  been  placed  at  the  disposal  of 
the  Royal  Society  by  the  king  of  England,  one 
of  them  was  assigned  to  Dalton,  *^for  his  deve- 
lopement  of  the  atomic  theory."  In  1833,  at  the 
meeting  of  the  British  Association  for  the  Advance- 
ment of  Science,  Avhich  was  held  in  Cambridge,  it 
was  announced  that  the  king  had  bestowed  upon 
him  a  pension  of  160/. ;  at  the  preceding  meeting  at 
Oxford,  that  university  had  conferred  upon  him  the 
degree  of  Doctor  of  Laws^  a  step  the  more  remark- 
able,  since  he  belonged  to  the  sect  of  Quakers.    At 
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V  the  meetings  of  the  British  Association  he  has 
been  present,  and  lias  always  been  surrounded  by 
the  reverence  aud  admiration  of  all  who  feel  any 
BjTiipathy  with  the  progrcsa  of  science.  May  he 
long  remain  among  us  thus  to  remind  tia  of  the 
^■pst  advance  which  cheiniotry  owes  to  him  ! 

^^^Bk  atomic  theory,  at  the  very  epoch  of  its  intro- 
1^  i^nction  into  France,  received  a  modification  in 
virtue  of  a  curious  discovery  then  made.  Soon  after 
llie  publication  of  Dalton's  system,  Gay-Liissac  and 
Uumboldt  found  a  rule  for  the  combination  of  sub- 
stances, which  includes  that  of  Dalton  as  far  as  it 
goes,  but  extends  to  combinations  of  gases  only- 
Tins  law  is  the  theory  of  robones ;  namely,  that 
gases  nnite  together  by  volume  in  very  simple  and 
definite  proiiortions.  Thus  water  is  comjiosed  ex- 
actly of  100  measures  of  oxygen  and  200  measures 
of  hydrogen.  And  since  these  simple  ratios  1  and 
1,  1  and  2,  1  and  3,  alone  prevail  in  such  combina- 
I,  it  may  easily  be  shown  that  laws  like  Dalton's 
of  multiple  proportions,  must  obtain  in  such 
s  as  he  considered. 
"  I  cAiinot  now  attempt  to  trace  other  bearings  and 
relcijiements  of  this  remarkable  discovery.  I  hasten 
\  to  the  last  generalisation  of  chemistry ;  which 
nta  to  us  chemical  forces  under  a  new  aspect, 
I  brings  us  back  to  the  point  from  Mliich  we  de- 
parted in  commencing  the  history  of  this  science. 
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Epoch  of  Davy  and  Faraday. 


Sect.  1. — Promtdgatiofi  of  the  Elednhchemical  Theory 

by  Daty. 

The  reader  will  recollect  that  the  history  of  che- 
mistry,  though  highly  important  and  instructive  in 
itself,  has  been  an  interruption  (p.  98)  of  the  history 
of  electro^ynamic  research : — a  necessary  interrup- 
tion, however ;  for  till  we  became  acquainted  with 
chemistry  in  general,  we  could  not  follow  the  facts 
of  electro-chemistry :  we  could  not  estimate  its  vast 
yet  philosophical  theories,  nor  even  express  its  sim- 
plest fiacts.  We  have  now  to  ''endeavour  to  show 
what  has  thus  been  done,  and  by  what  steps; — 
to  give  a  fitting  view  of  the  Epoch  of  Davy  and 
Faraday. 

This  is,  doubtless,  a  task  of  difiiculty  and  delicacy. 
We  cannot  execute  it  at  all,  except  we  suppose  that 
the  great  truths,  of  which  the  discovery  marks  this 
epoch,  have  already  assumed  their  definite  and  per- 
manent form.  For  we  do  not  learn  the  just  value 
and  right  place  of  imperfect  attempts  and  partial 
advances  in  science,  except  by  seeing  to  what  they 
lead.  We  judge  properly  of  our  trials  and  guesses 
only  when  we  have  gained  our  point  and  guessed 


[y.  We  might  peraonify  philosophical  theories, 
and  might  represent  them  to  otirselves  as  figures,  all 
pressing  eagerly  onwards  in  the  same  direction,  whom 
wo  have  to  pursue:  and  it  is  only  in  proportion  as 
*o  ourselves  overtake  those  figures  in  the  race,  and 
pass  beyond  them,  that  we  are  enabled  to  look  back 
upon  their  faces;  to  discern  their  real  aspects,  and 
to  eateh  the  ti-ue  character  of  their  countenances. 
Except,  therefore,  I  were  of  ojtinion  that  the  great 
tnttha  which  Davy  brouglit  into  sight  have  been 
ly  established  and  clearly  developed  by  Faraday, 
,ld  not  pretend  to  givo  the  history  of  this 
jng  portion  of  science.  But  I  trust,  by  the  ^^ew 
I  have  to  oifer  of  these  beautiful  trains  of  research 
and  their  result,  to  justify  the  assumption  on  which 
I  thus  proceed. 

1  must,  however,  state,  as  a  further  appeal  to  the 
reatler's  indulgence,  that,  even  if  the  great  principles 
of  electro-chemistry  have  now  been  brought  out  in 
their  dne  form  and  extent,  the  discoveiT  is  but  a  very 
few  years,  I  might  rather  say  a  few  months,  old  ;  and 
that  this  novelty  adds  materially  to  the  difficulty  of 
estimating  previous  attempts  from  the  point  of  view 
to  which  we  are  thus  led.  It  is  only  slottly  and  by 
that  the  mind  becomes  sufficiently  imbued 
those  new  Irutlis,  of  which  the  office  is,  to 
the  fiice  of  a  science.  We  have  to  consider 
ap|>earanccs  under  a  new  aspect ;  to  refer 
focts  to  new  principles;  and  it  is  not  till  after 
le  time,  that  the  struggle  and  hesitation  which 
UjIs  employmeut  occasions,  subsides  into  a  tmnquil 
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equilibrium.  In  the  newly-acquired  provinces  of 
man's  intellectual  empire,  the  din  and  confusion 
of  conquest^  pass  gradually  only  into  quiet  and 
security.  We  have  seen,  in  the  history  of  all 
capital  discoveries,  how  hardly  they  have  made  their 
way,  even  among  the  most  intelligent  and  candid 
philosophers  of  the  antecedent  schools:  we  must, 
therefore,  not  expect  that  the  nietamoq)hosis  of  the 
theoretical  views  of  chemistry  which  is  now  going 
on,  will  be  effected  without  some  trouble  and  delay. 

I  shall  endeavour  to  diminish  the  difficulties  of 
my  undertaking,  by  presenting  the  earlier  investigar 
tious  in  the  department  of  which  I  have  now  to 
speak,  as  much  as  possible  according  to  the  most 
deliberate  view  taken  of  them  by  the  great  dis- 
coverers themselves,  Davy  and  Faraday ;  since  these 
philosophers  are  they  who  have  taught  us  the  true 
import  of  such  investigations. 

There  is  a  further  difficulty  in  my  task,  to  which 
I  might  refer ; — the  difficulty  of  speaking,  without 
error  and  without  offence,  of  men  now  alive,  or  who 
were  lately  members  of  social  circles  which  exist 
still  around  us.  But  the  scientific  history  in  which 
such  persons  play  a  part,  is  so  important  to  my 
purpose,  that  I  do  not  hesitate  to  incur  the  respon- 
sibility which  the  narration  involves;  and  I  have 
endeavoured,  earnestly,  and  I  hope  not  in  vain,  to 
speak  as  if  I  were  removed  by  centuries  from  the 
personages  of  my  stoiy. 

The  phenomena  observed  in  the  voltaic  apparatus 
were  naturaUy  the  subject  of  many  speculations  as 
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their  cause,  and  tliua  gave  rise  to  "  Theories  of  the 
Pile."  Among  these  piienomena  there  was  one  class 
irbich  led  to  most  important  results:  it  was  dis- 
covered hy  Nicholson  and  CarUsle,  in  1800,  that 
water  was  decomposed  hy  the  pile  of  Volta ;  that  is, 
it  was  found  that  M'hen  the  wires  of  the  pile  were 
pkced  with  their  ends  near  eacli  other  in  the  fluid, 
a  stream  of  bubhles  of  air  arose  from  each  wire,  and 
airs  were  found  on  examination  to  be  oxygen 
hydrogen;  which,  as  we  have  had  to  narrate, 
Tiad  already  I>een  found  to  be  the  constituents  of 
ttnter.  This  was,  as  Davy  says',  the  true  origin  of 
all  that  has  been  done  in  electro-«heniical  science- 
It  was  found  that  other  substances  also  suffered  a 
like  decomposition  under  the  same  circumstances. 
Certain  metallic  solutions  were  decomposed,  and  an 
alkali  was  separated  on  the  negative  plat«s  of  the 
apparatus.  Cmickshank,  in  puinuing  these  experi- 
ments, added  to  them  many  important  new  results; 
BQcl)  as  the  decomposition  of  muriates  of  magnesia, 
•aodo,  and  ammonia  by  the  pile;  and  the  general 
■observation  that  the  alkaline  matter  always  appeared 
St  the  negative,  and  the  acid  at  the  positive,  pole. 

Such  was  the  state  «(  the  subject  when  one  who 
vaa  destined  to  do  so  much  for  its  advance,  first 
feontributed  his  labours  to  it.  Humphry  Davy  was 
t  joung  man  who  had  been  apprenticed  to  a  surgeon 
lit  Penzance,  and  having  shown  an  ardent  love  and 
a  strong  aptitude  for  chemical  research,  was,  in 
1798,  made  the  superintendent  of  a  "  Pneumatic 
■P.T.  ia2li,p.3(!6. 
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Institution,"'  established  at  Bristol  by  Dr.  Beddoes, 
for  the  purpose  of  discovering  medical  powers  of 
factitious  airs'.  But  his  main  attention  was  soon 
drawn  to  galvanism ;  and  when,  in  consequence  of 
the  reputation  he  had  acquired,  he  was,  in  1801, 
appointed  lecturer  at  the  Royal  Institution  in 
London,  (then  recently  established,)  he  was  soon  put 
in  possession  of  a  galvanic  apparatus  of  great  power; 
and  with  this  he  was  not  long  in  obtaining  the  most 
striking  results. 

His  first  paper  on  the  subject'  is  sent  from  Bristol, 
in  September  1800 ;  and  describes  experiments,  in 
which  he  had  found  that  the  decompositions  observed 
by  Nicholson  and  Carlisle  go  on,  although  the  water, 
or  other  substance  in  which  the  two  wires  are 
plunged,  be  separated  into  two  portions,  provided 
these  portions  are  connected  by  muscular  or  other 
fibres.  This  use  of  muscular  fibres  was,  probably,  a 
remnant  of  the  original  disposition,  or  accident,  by 
which  galvanism  had  been  connected  with  physio- 
logy,  as  much  as  with  chemistry.  Davy,  however, 
soon  went  on  towards  the  conclusion,  that  the  phe- 
nomena were  altogether  chemical  in  their  nature. 
He  had  already  conjectured",  in  1802,  that  all  de- 
scriptions might  be  polar ;  that  is,  that  in  all  cases  of 
chemical  decomposition,  the  elements  might  be  related 
to  each  other  as  electrically  positive  and  negative ;  a 
thought  which  it  was  the  peculiar  glory  of  his  school 
to  confirm  and  place  in  a  distinct  light.     At  this 

*  Paris,  Life  of  Davy,  i.  58. 
'  Nicholson's  Journal,  4to.  ir.  375.  '  P.  T.  1826. 
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arifxl  mich  a  view  waa  far  fmra  oljvious;  and  it 
fe  contended  by  many,  on  the  contrary,  tliat  the 
ments  whicli  tlie  voltaic  apparatus  l)rought  to 
▼lew,  wore  not  liberated  from  combinations,  but 
generated.  In  1806,  Davy  attempted  the  solution 
of  this  question ;  he  showed  that  the  ingredients 
which  had  been  supposed  to  bo  produced  by  elec- 
tricity, were  due  to  impuritiea  in  the  M-ater,  or  tr> 
the  decomposition  of  the  vessels;  and  thus  removed 
all  preliminary  difficuUfes.  And  then,  as  he  says', 
"referring  to  my  experiments  of  1800,  1801,  and 
1802,  and  to  a  number  of  new  facts,  which  showed 
that  inflammable  substances  and  oxygen,  alkalies 
and  acids,  and  oxidabic  and  noble  metals,  were  in 
electrical  relations  of  positive  and  negative,  I  drew 
the  conclusion,  that  tlie  combinatiom  and  decomjiositions 
hf  etectridtjf  were  referrHle  to  the  hw  of  electrical 
ctiotu  and  rqmlmoiitt"  nnd  advanced  the  hypo- 
|e&es.  ''  fJmt  cfiemical  and  elecf}-ical  attractions  were 
duced  hy  the  same  catuie,  acting  in  the  one  case  on 
tides,  in  the  othei-  oh  masses  ;"  "  and  that  the  same 
riifi  undei'  diffci'eiit  Modifications,  was  (he  cause  of 
m  tie  p/ienomena  exhibited  f»/ different  voltaic  combi' 

Atthnngh  tbis  is  the  enunciation,  in  tolerably  pre- 
cise terms,  of  the  great  discovery  of  this  epoch,  it 
wus  at  the  ])eriod  of  which  we  speak,  conjectured 
T  than  i>roved  ;  and  we  eliall  find  that  neither 
ITj  nor  his  followers,  for  a  considerable  period, 
irehended  it  with  that  distinctness  which  makes  a 
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discovery  complete.  But  in  a  very  short  time  after- 
wards, Davy  drew  great  additional  notice  to  his  re- 
searches by  effecting,  in  pursuance,  as  it  appeared,  of 
his  theoretical  views,  the  decomposition  of  potassa 
into  a  metallic  base  and  oxygen.  This  was,  as  he 
truly  said,  in  the  memorandum  written  in  his  journal 
at  the  instant,  **  a  capital  experiment."  This  dis- 
covery was  soon  followed  by  that  of  the  decompo- 
sition of  soda ;  and  shortly  after,  of  other  bodies  of 
the  same  kind ;  and  the  interest  and  activity  of  the 
whole  chemical  world  were  turned  to  the  subject  in 
an  intense  degree. 

At  this  period,  there  might  be  noticed  three  great 
branches  of  speculation  on  this  subject ;  the  theory 
of  the  piley  the  theory  of  electrical  decompositioHy  and 
the  theory  of  the  ideMih/  of  chemical  and  electrical 
forces ;  which  last  doctrine,  however,  was  found  to 
include  the  other  two,  as  might  have  been  antici-  , 
pated  from  the  time  of  its  first  suggestion. 

It  will  not  be  necessary  to  say  much  on  the 
theories  of  the  voltaic  pile,  as  separate  from  other 
parts  of  the  subject.  The  contact'4heoryj  which 
ascribed  the  action  to  the  contact  of  different 
metals,  was  maintained  by  Volta  himself;  but  grar 
dually  disappeared,  as  it  was  proved  (by  Wollaston* 
especially,)  that  the  effect  was  inseparably  connected 
with  oxidation  or  other  chemical  changes.  The 
theories  of  electro-chemical  decomposition  were 
numerous,  and  especially  after  the  promulgation  of 

•  P.  T.  1801,  p.  427. 
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DavVs  Memoir  in  1806 ;  and,  whatever  raiglit  be 
the  defects  under  which  these  speculations  for  a  long 
time  laljoured,  they  were  powerfully  urged  on  in  the 
ilirection  in  which  truth  lay,  by  Davj'a  discoveries 
nnd  views.  That  there  remained  something  still  to 
1)0  done,  to  give  full  evidence  and  consistency  to  the 
theory,  appears  from  this ; — that  some  of  the  most 
important  parts  of  Davy's  results  struck  his  followers 
BwMXtraordinary  paradoxes; — for  instance,  the  fact 
^HKthe  decomposed  elements  are  transferred  from  one 
^^Sltof  the  circuit  to  another,  in  a  form  which  escapes 
the  cognizance  of  our  senses,  through  intervening 
■stances  for  which  they  have  a  strong  affinity. 
found  afterwards  tliat  the  circumstance  which 
;d  to  make  the  process  so  wonderful,  was,  in 
it,  the  condition  of  its  going  on  at  all.  Davy's 
expressions  oflen  seem  to  indicate  the  most  exact 
notions  :  for  instance,  he  says,  "  It  is  very  natural  to 
Kuppose  that  tlie  repellent  and  attractive  energies 
are  communicated  from  one  particle  to  another  of 
tile  same  kind,  so  as  to  establish  a  conducting  cka'trt 
in  the  fluid;  and  that  the  locomotion  takes  place  in 
consequence' ;"  and  yet  at  other  times  he  speaks  of 
the  elements  as  attracted  and  repelled  by  the  metallic 
surfaces  which  form  the  pdes ; — a  different,  and,  as  it 
ajipeorcd  afterwards,  an  untenable  view.  Jlr.  Fara- 
day, who  supplied  what  was  wanting,  justly  notices 
thig  vagueness.  He  says',  that  tliough,  in  Davy's 
celebrated  Memoir  of  1806.  the  points  established 
the  utmost  value,  "  the  mode  of  action  by 
Puis,  p.  1.j4.  '  RescnrehcB,  482. 
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which  the  efl'ects  take  placu  is  stated  very  guiiemllyl 
flo  guneraUv,  indeed,  that  probnbly  a  dozen  precii 
schemes  of  clectro-chemieal  action  might  be  drawl 
lip,  dift'ering  essentially  from  each  other,  yet  all  s 
ing  with  the  statement  there  given."    And  at  a  period  I 
a  httle  later,  being  reproached   by  Da^^'e  brotheP'l 
with  injusfico  in  thia  expression,  ho  substantiated  hIS  T 
assertion  by  an  enumeration  of  twelve  such  sehenwi  i] 
which  had  been  published. 

But  yet  we  cnuiiot  look  U|K)n  this  Memoir  (tf  I 
180G,  otliermec  than  a^  a  great  event,  jierhaps  thtl 
most  important  event  of  the  epoch  now  under  revielftf 
And  as  lueh  it  was  recognised  at  once  all  oXt 
Europe.    In  particular,  it  received  the  distingulrfid 
honour  of  being  crowned  by  tlie  Institute  of  Fran4| 
althongh  that  comitry  aiid  England  were  then  e 
gaged  in  fierce  hostility.     lJnona]>arte  had  propow 
priise  of  sixty  thousand  francs  "  to  the  person  who  t 
his  experiments  and  discoveries  should  advance  i 
knowledge  of  electricity  and  galvonism,  as  much  4 
Franklin  and  Voltadid;"  and  "of  three  thuusal 
francs  for  the  best  cx]>eriment  Which  should  bo  n 
in  the  course  of  each  year  on  the  galvanic  f1uii]j| 
the  latter  prize  was,  by  the  First  ClasR  of  the  la 
tute,  awarded  to  Davy. 

From  this  period  he  roBO  rajtidly  to  honouw  H 
distinctions,  and  reached  a  height  of  Bcientlfle  fat 
iw  great  a,s  has  ever  fallen  to  the  lot  of  a  discover^ 
in  so  short  a  time.  I  shull  not,  however,  dwell  t 
such  circunifetaiices,  but  confine  myself  to  the  pA 
gress  of  my  subject. 


Sect.  2. 


—Estaldhhment  of  the  Ekcti-o-cfiemivat 
Tfieoty  hy  Faivdat/. 


The  defects  of  Davy'n  theoretical  views  will  be  seen 
most  clearly  hy  explaiiiiug  what  Faraday  added  to 
tltem.  Michael  Faraday  was  in  every  way  fitted 
and  led  to  become  Davy's  successor  in  his  great 
career  of  diworery.  In  1812,  being  then  a  book- 
teller's  apprcutice,  he  attended  the  lectures  of  Davy, 
which  at  that  period  excited  the  highest  admiration'. 
"  My  desire  to  escape  from  trade,"  Mr.  Fai-aday  says, 
"  which  I  thought  vicious  and  selfish,  and  to  enter 
into  the  service  of  science,  which  I  imagined  made 
its  pursuers  amiable  and  liberal,  induced  me  at  last 
to  take  tlie  bold  ami  simple  etej)  of  writing  to  Sir 
H.  Davy."  lie  waa  favourably  received,  and,  in  the 
jejct  year,  became  Davy's  assistant  at  the  Iiistitu- 

Pt  Sid  afterwai-ds  his  successor.  The  Institution 
produced  such  researches  as  those  of  these 

^  men,  may  well  be  considered  as  a  great  school 

t  and  philosophical  clicmistry.    Mr.  Faraday, 

k  tlio  hegtnnliig  of  his  course  of  inquiry,  appears 

IRVe  had  the  consciousness  that  he  was  engaged 

t'a  great  Connected  work.  His  "  Experimental 
llMP(irchc8,"  which  appeared  in  a  series  of  Memoirs 
in  the  Philosophical  Transactions,  are  divided  into 
iliort  imragraphs,  numbered  in  a  continued  order 
frum  1  op  to  1160,  at  the  time  at  which  I  write' ; 

dilestiued,  probably,  to  extend  much  further.  Yet 
*  December,  lR3:j. 


^ 
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this  nnity  of  purpose  was  not  at  first  obvious, 
tvo  first  memoirs  were  v\wn  sulijects  wliicli  ve  ha> 
already  treated  of,  voltaic  induction,  and  the  cvol 
tion  of  electricity  from  magnetism.  His  "  Thli 
Series"  has  also  been  already  referred  to. 
object  vas,  as  a  preparatory  step  towards  furtlu 
investigation,  to  show  the  identity  of  voltaic  aB 
animal  electricity  with  that  of  the  electric 
machine ;  and  as  machine  electricity  dilfers  fm 
the  other  kinds  in  being  successively  in  a  state  • 
tension  and  explosion,  instead  of  a  continued  cu 
rent,  Mr.  Faraday  succeeded  in  identifjing  it  wi( 
them,  by  causing  the  electrical  discharge  to  ] 
through  a  bad  conductor  into  a  discharging-train  ( 
vast  extent ;  nothing  less,  indeed,  than  the  who: 
fabric  of  the  metallic  gas-pipes  and  water-pipes  ( 
London.  In  this  Memoir'"  it  is  easy  to  see  alrea^ 
traces  of  the  general  theoretical  views  at  which  I 
bad  arrived ;  but  these  are  not  expressly  stated  ti 
his  "  Fifth  Series ;"  his  intermetliate  Fourth  Seri« 
being  occupied  by  another  subsidiary  labour  on  tl 
conditions  of  conduction.  At  length,  however,  i 
the  Fifth  Series,  which  was  read  to  the  Royal  Societ 
in  June  1833,  he  approaches  the  theory  of  eloctn 
chemical  decomposition.  Most  preceding  theorist) 
and  D&vy  amongst  the  nimiber,  had  referred  thi 
result  to  attracUvc  powers  residing  in  the^<w  of  tb 
apimratns ;  and  had  even  pretended  to  coni|>are  tJl 
intensity  of  this  attraction  at  different  distanca 
from  the  poles.  By  a  number  of  singularly  beauti 
"  P.  T.  ]«33. 
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ful  and  skilful  experiments,  Mr.  Faraday  shows  that 
the  phenomena  can  with  no  propriety  be  ascribed  to 
the  attraction  of  the  poles".  "  As  the  substances 
evolved  in  cases  of  electro-chemical  decomposition 
may  be  made  to  appear  against  air",  which,  accord- 
ing to  common  language,  is  not  a  conductor,  nor  is 
decomposed;  or  against  water",  which  is  a  conduc- 
tor, and  can  be  decomposed ;  as  well  as  against  the 
metal  poles,  which  are  excellent  conductors,  but  un- 
docomposable ;  there  appears  but  little  reason  to 
consider  this  phenomenon  generally  as  due  to  the 
attraction  or  attractive  powers  of  the  latter,  when 
Twed  in  the  ordinary  way,  since  similar  attractions 
can  hardly  be  imagined  iu  the  former  instances." 

Faraday's  opinion,  and,  indeed,  the  only  way  of 
expressing  the  results  of  his  experiments,  was,  that 
the  chemical  elements,  in  obedience  to  the  direction 
iif  the  voltaic    currents  established  in  the  decom- 
posing substance,  were  evolved,  or,  as  he  ]>refer8  to 
say,  ejected  at  its  extremities'*.     He  afterwards  states 
that  the  influence  which  is  present  in  the  electric 
current    may  be   described"   as  an  (lHs   of  power, 
having  contrary  forces  cd-actli/  equal  in  amount  in  con- 
traty  fltrections, 
^^   Having  arrived   at   this   point,    Faraday  rightly 
^Bbtfied  to  reject  the  term  poles,  and  other  words 
^^Httch  could  hartlly  be  used  without  suggesting  doc- 
^^Bpee  DOW  proved  to  l)e  erroneous.     He  considered, 
^^Blhe  case  of  bodies  electrically  decomposed,  or,  as 

I  "  RctcarchcB,  Art.  407- 
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be  termed  tlieni,  ehdwltftes,  the  elements  ss  travB 
ling  in  two  opposite  directions ;  wliieh,  with  refereiu 
to  the  diwctioii  of  terrt-strial  nmgnetifini,  might  \ 
conadered  as  naturally  east  and  wost ;  and  he  ooi 
ceived  elements  ae,  in  this  vay,  arriving  at  tlie  dotii 
or  outlets  at  which  they  finally  mado  their  uepi 
appearance.  The  doors  he  called  dech-odcs,  antl,  tej 
rately,  the  a«0(/*?  and  the  ffl(Aorfe";  and  theolemenl 
which  thus  travel  he  termed  the  ntiion  and  the  cati 
(or  calh'ion  ").  By  means  of  this  nomenclature  he  v 
able  to  express  his  general  results  with  much  mo 
distinctness  and  facility. 

But  this  general  view  of  the  electrolytical  proc< 
required  to  be  pursued  further,  in  order  to  exj)lfl 
the  nature  of  the  action.  The  identity  of  elocl 
and  chemical  forces,  which  had  been  liazar<lod  as 
conjecture  by  Day\',  ami  adopted  as  the  basis  i 
chemistry  by  Bcrzolius,  couhl  only  be  established  I 
exact  measures  and  rigorous  proofs.  Faraday  hai 
in  his  proof  of  the  identity  of  voltaic  and  electrl 
agency,  attempted  also  to  devise  Buch  a  measure  I 
should  give  him  a  com])arison  of  their  quantity ;  an 
in  this  way  Iio  proved  that"  two  small  wires  ( 
platina  and  zinc,  placed  near  each  other,  and  in 
merHetl  in  dilute  acid  for  three  eeeonda.  yield  ax  mue 
electricity  as  the  electrieal  battery,  eharfred  by  U 

"  Art.  003. 

"  The  analogy  of  the  flreek  Jorivatioti  retiuiros  calfon  ;  b 
ta  inuke  the  reUtion  to  calhoH«  ol>viouB  to  ibe  English  readi 
nnd  to  aruiil  a  solution  of  the  luibite  of  English  prouunciotio 
I  ihoulii  prefer  calhloH. 
Art.  371. 
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tuniB  of  A  largo  niocliino;  and  this  was  oBtnblishod 
both  by  its  momentary  cleotro-maguetic  eHoct.  and  by 
Uie  amount  of  its  chemical  action". 

It  was  in  his  "  Seventh  Series,"  that  lio  finally 

atUbtished  a  prinoiiWe  nf  definite  measurement  of 

the   amount  of  elect rolytical  ac^tion,  and  described 

an   iiiiftrunient    M'hieh    Iio  termed'"    a   volla-ekctiv- 

twkv.      In  this  inetrunient,  the  amount  of  action 

wa»  moaaured  by  the  quantity  of  water  tfeconiposeii : 

and  it  vas  necessary,  in  onler  to  give  validity  to  the 

menmiration,  to  bIiow  (bb  Faraday  did  show)  that 

neither  tho  size  of  the  electrodes,  nor  the  intensity 

of  tho  current,  nor  tho  strength  of  the  aeid  solution 

^BAd^h  acted  on  the  plates  of  the  pile,  disturbed  the 

P^P^DTACT  of  this  measure.     lie  proved,  by  experi- 

"TBents  upon  a  greut  variety  of  substances,  of  the  most 

(tifterent  kinds,  that  the  electro-chemical  action  is 

deHnitd    in  amount  according  to  tlio  measurement 

I  the  now  instrument",  lie  had  already,  at  an 
Her  period",  a^sortod,  that  l/ie  chemical  power  of 
^irreai  of  ele<iriciiif  is  in  dind  pivpoiiion  to  Me 
mute  f/HaHlttt/  of  electricity  which  ptmcs ;  but  the 
ta-clectrometer  enabled  him  to  tix  nith  more  pre> 
cIbIom  the  meaning  of  this  general  proposition,  as 
iryll  u  to  place  it  beyond  doubt, 

Tlie  vast  importance  of  this  step  in  chemistry  soon 
came  into  view.  By  the  use  of  tho  volta-electro- 
^^Hter,  Faraday  obtained,  for  each  elementary  sub- 
^^^BjVO,  a  number  which  represented  the  relative 
^^^■nnt  of  it"  decompoHition,  and  which  might  pro- 
^^^  Art  375.  "  731).  "  7iy,  814.  "  377- 
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perly"  be  called  its  "  electro-cheniical  ctiuivalentJ 
And  the  question  naturallj  occurs,  whether  tha 
numbers  bore  any  relation  to  any  previously  esta 
blislied  cliernical  measures.     The  answer  is  remarlqj 
able.     Tliey  ivere  no  oUier  Oian  Uie  atomic  weights  ^ 
the  Daltonian  theary,  which  formed  the  cUmax  of  t 
previous  ascent  of  chemistry;    and  thus    here, 
everjTvhere  in  the  progress  of  science,  the  generali- 
satious  of  one  generation  are  absorbed  in  the  widi 
generalisations  of  the  next. 

But  in  order  to  reach  securely  tills  nider  genen 
lisation,  Faraday  combined  the  two  branches  of  th 
subject  which  we  have  already  noticed ; — the  ikeoi 
of  electrical  decomposition  with  the  Ihewy  of  the  ^ 
For  his  researches  on  the  origin  of  activity  of  tt 
voltaic  circuit  {his  Eighth  Series),  led  him  to  see  moi 
clearly  than  any  one  before  him,  what,  as  we  hat 
said,  the  most  sagacious  of  preceding  philosophei 
had  maintained,  that  the  current  in  the  pile  was  di 
to  the  mutual  chemical  action  of  its  elements.  I 
was  led  to  consider  the  jjrocesscs  which  go  on  in  t 
exciting-cell,  and  in  the  decomposing  place,  as  of  t 
same  kind,  but  opposite  in  direction.  The  chemic 
composition  of  the  fluid  with  the  zinc,  in  the  commg 
apparatus,  produces,  when  the  circuit  is  complel 
a  current  of  electric  influence  in  the  wire ;  and  th 
current,  if  it  pass  through  an  electrolyte,  manifests  i 
s^Mhy  decomposition,  overcoming  thechemical  affinil 
wliich  there  resists  it.  An  electrolyte  cannot  condtw 
without  being  decomposed.  The  forces  at  the  point  \ 
*'  Art.  792. 


eomiiosition  and  the  point  of  decomposition  are  of  the 
same  kind,  and  are  opposed  to  each  other  by  means 
of  tlje  conductinp-wii-e ;  the  ivire  may  properly  be 
iken  of"  us  conducfintj  chemical  affiniti/:  it  allows 
forces  of  the  same  kind  to  oppose  one  another"; 
tricity  is  only  another  mode  of  the  exertion  of 
Hteiiiical  forces" ;  and  we  might  express  all  the 
circumstances  of  the  voltaic  pile  without  using  any 
ler  term  tiian  chemical  affinity,  though  that  of 
tricity  may  be  very  convenient".  Bodies  are 
fceltl  together  by  a  definite  power,  which,  when  it 
ceases  to  discharge  that  office,  may  be  thrown  into 
the  condition  of  an  electric  current"'. 

Thus  tile  great  principle  of  the  identity  of  elec- 
trical and  chemical  action  was  completely  esta- 
blished. It  wa-s,  as  Faraday  with  great  candour 
says",  a  confirmation  of  the  general  views  put  forth 
Jby  Davy  in  1806,  and  might  be  expressed  in  Ilia 
that  "chemical  and  electrical  attractions  are 
Inced  by  the  same  cause ;"  but  it  is  easy  to  see 
that  neither  was  the  full  import  of  these  expressions 
understood,  norwei-e  the  quantities  to  which  they  refer 
eouceived  as  measurable  quantities,  nor  was  the  asser- 
tion anything  but  a  sagacious  conjecture,  till  Faraday 
gave  the  interpretation,  measure,  and  proof,  of  which 
fpoken.  The  evidence  of  the  incompletc- 
of  the  views  of  his  predecessor  we  have  already 
1,  in  speaking  of  his  vague  and  inconsistent 
irctical  account  of  decomposition.     The  confir- 
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mation  of  Davy's  discoveries  hy  Faraday  is  of  the 
nature  of  Newton's  confirmation  of  the  views  of 
Borelli  and  Hooke  respecting  gravity,  or  like 
Young's  confirmation  of  the  undulator}'  theory  of 
Iluyghens. 

We  must  not  omit  to  repeat  here  the  moral  which 
we  wisli  to  draw  from  all  great  discoveries,  that  they 
depend  upon  the  combination  of  ejract  facts  with 
dear  ideas.  The  former  of  these  conditions  is  easily 
illustrated  in  the  case  of  Davy  and  Faraday,  both 
admirable  and  delicate  experimenters.  Davy's  rapi- 
dity and  resource  in  experimenting  were  extraordi- 
nary'^  and  extreme  elegance  and  ingenuity  distin- 
guish almost  every  process  of  Faraday.  He  had 
])ubliHhod,  in  1829,  a  work  on  "  Chemical  Manipula- 
tion," in  which  directions  are  given  for  performing  in 
the  neati'st  manner  all  chemical  processes.  Mani« 
pulation,  as  ho  there  truly  says,  is  to  the  chemist 
like  the  external  senses  to  the  mind'* ;  and  without 
the  Hup])ly  of  fit  materials  which  such  senses  only  can 
gives  the  mind  can  acquire  no  real  knowledge. 

l)ut  Mtlll  the  o))erations  of  the  mind  as  well  as  the 
inftirmatiou  of  the  senses,  ideas  as  well  as  facts,  are 
rot|uiidto  for  the  attainment  of  any  knowledge ;  and 
all  great  stops  in  science  require  a  peculiar  distinct- 
nesii  and  vividness  of  thought  in  the  discoverer. 
This  it  is  diflicult  to  exemplify  in  any  better  way 
than  by  tho  discoveries  themselves.  Both  Davy  and 
Faraday  {lossesied  this  vividness  of  mind ;  and  it  was 
a  consoquonce  of  this  endowment,  that  Davy's  lec- 

••  rarif,  i.  146.  »>  Pref.  p.  ii. 
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Inree  upon  chemistry,  and  Famdav's  upon  almost  any 

ibject  of  physical  jihilosophy,  were  of  tho  most 

llinnt  and  rnptivating  character.     In  discovering 

tho  nature  of  voltaic  action,  tho  esfitintial  intellectual 

requisite  \va«  to  have  a  distinct  conception  of  that 

(vhich  Faraday  ex])ro88ed  by  the  remarkable  phrase*', 
Pan  ojris  of  pntrer  hanai)  equal  ami  opposite  foives ;" 
Itad  the  distinctness  of  this  idea  in  Faraday's  mind 
RUnea  forth  in  every  part  of  his  writings.     Thus  he 
||i^  tho  force  which  determines  the  decomposition 
of  a  body  is  m  the  body,  not  in  the  polos".     But  for 
the  most  part  he  can  of  course  only  convey  this 
ftindamontal  idea  by  illustrations.     Tims"  lie  repre- 
seuts  tho  voltaic  circuit  by  a  double  circle,  studded 
with  tho  elements  of  the  circuit,  and  shows  how  the 
^^^tnicns  travel  round  it  in  one  direction,  and  the  catkions 
^^nathe  opposite.     He  considers"  the  powers  at  the 
^^vhro  places  of  action  as  balancing  against  each  other 
^Bifimugh  tho  medium  of  the  conductors,  in  a  manner 
^^^ttuilogous  to  that  in  which  mechanical  forces  are 
'  Imlanced  against  each  other  by  the  Inten'ention  of 

the  levor.  Tt  Is  impossible  to  him"  to  resist  the 
idea,  that  tho  voltaic  current'  must  be  preceded  by 
iltate  of  tension  in  its  interrupted  condition,  which  is 
■ielieved  when  the  circuit  is  completed.  He  appears 
[■'to  jwssesH  the  idea  of  this  kind  of  force  M'ith  the  same 
llKlnent  distinctness  with  which  Ai-chimedes  In  the 
liiBflieDt,  and  Htevinus  in  tho  modern  history  of 
10,  possessed  the  Idea  of  pressure,  and  were 


■  AH.  517. 
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thus  able  to  found  the  science  of  mechanics  »^  And 
when  he  cannot  obtain  these  distinct  modes  of  con- 
ception, he  is  dissatisfied,  and  conscious  of  defect. 
Thus  in  the  relation  between  magnetism  and  electri- 
city", "  there  appears  to  be  a  link  in  the  chain  of 
effects,  a  wheel  in  the  physical  mechanism  of  the 
action,  as  yet  unrecognised."  All  this  variety  of 
expression  shows  how  deeply  seated  is  the  thought. 
This  conception  of  chemical  affinity  as  a  peculiar 
influence  or  force,  which,  acting  in  opposite  direc- 
tions, combines  and  resolves  bodies ; — which  may  be 
liberated  and  thrown  into  the  form  of  a  voltaic 
current,  and  thus  be  transferred  to  remote  points, 
and  applied  in  various  ways; — ^is  essential  to  the 
understanding,  as  it  was  to  the  making,  of  these 
discoveries. 

By  those  to  whom  this  conception  has  been  con- 
veyed,  I  venture  to  trust  that  I  shall  be  held  to 
have  given  a  faithful  account  of  this  important  event 
in  the  history  of  science.  We  may,  before  we  quit 
the  subject,  notice  one  or  two  of  the  remarkable 
subordinate  features  of  Faraday's  discoveries. 

Sect.  3. — Consequences  of  Faradajfs  Dtscmeries. 

Faraday's  volta-electrometer,  in  conjunction  with 
the  method  he  had  already  employed,  as  we  have 
seen,  for  the  comparison  of  voltaic  and  common 
electricity,  enabled  him  to  measure  the  actual  quan- 
tity of  electricity  which  is  exhibited,  in  given  cases, 

•»  Art.  990.  ••  1114. 


in  the  form  of  chemical  affinity.     His  results  appeared 
in  numbers  of  that  enormous  amount  which  so  often 
comea  before  us  iu  the  expression  of  natural  laws. 
Oue  grain  of  M"ater"  will  require  for  its  decomposi- 
tion aa  much  electricity  as  would  make  a  powerful 
_,,flash  of  lightning.     By  further  calculation,  he  finds 
■Mju  quantity  to  be  not  less  than  800,000  charges  of 
^^■ll  Leyden  battery'";  and  this  is,  by  his  theory  of 
the  identity  of  the  combining  with  the  decomposing 
force,  the  quantity  of  electricity  which  is  naturally 
associated  with  the  elements  of  the  grain  of  water, 
endowing  them  with  their  mutual  affinity. 
I  Many  of  the  subordinate  facts  and  laws  which 

^■|||ne  brought  to  light  by  these  researches,  clearly 
Hif^l^t  to  generalisations,  not  included  in  that  which 
we  Lave  had  to  consider,  and  not  yet  discovered :  such 
laws  do  not  properly  belong  to  our  main  plan,  which 
is  to  make  our  way  ttp  to  the  generalisations.     But 
there  ie  one  which  so  evidently  promises  to  have  an 
important  bearing  on  future  chemical  theories,  that 
^^^will  briefly  mention  it.     The  class  of  bodies  which 
^^Bfee  capable  of  electrical  decomposition  is  limited  by 
^*  a  Tery  remarkable  law :  they  arc  such  binary  com- 
pounds  only  as  consist  of  single  proportionals  of 
their  elementary  principles.     It  does  not  belong  to 
OS  here  to  speculate  on  the  possible  import  of  this 
curious  law ;  which,  if  not  fully  established,  Faraday 
has  rendered,  at  least,  highly  probable"  :  but  it  is 
impossible  not  to  see  how  closely  it  connects  the 
3  M'ith  the  electro-chemical  theory ;  and  in  the 
"  861.  "  697. 
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connexion  of  these  two  great  members  of  chemistrj', 
is  involved  the  prospect  of  its  reaching  \^1(ler  gene* 
ralisations,  and  principles  more  profound  than  we 
have  jet  caught  sight  of. 

As  another  example  of  this  connexion^  I  will^ 
finally,  notice  that  Faraday  has  employed  his  dis- 
coveries in  order  to  decide,  in  some  doubtfhl  cases^ 
what  is  the  true  chemical  equivalent'* ;  ."  I  have 
such  conviction,"  he  says,  "that  the  power  which 
governs  electro-decomposition  and  ordinary  chemical 
attractions  is  the  same ;  and  such  confidence  in  the 
overruling  infiuence  of  those  natural  laws  which 
render  the  former  definite,  as  to  feel  no  hesitation 
in  believing  that  the  latter  must  subtnit  to  them  too. 
Buch  being  the  case,  I  can  have  no  doubt  that» 
assuming  hydrogen  as  1,  and  dismissing  small  fVac^ 
tions  for  the  simplicity  of  expression,  the  equivalent 
number  or  atomic  weight  of  oxygen  is  8,  of  chlorine 
86,  of  bromine  78-4,  of  lead  103-5,  of  tin  60,  &c. ; 
Notwithstanding  that  a  very  high  authority  doubles 
several  of  these  numbers." 


Sect  4. — Reception  of  the  Electrochemical  Theory. 

The  epoch  of  establishment  of  the  electro-ciiemical 
theory,  like  other  great  scientific  epochs,  must  have 
its  sequel,  the  period  of  its  reception  and  confirma- 
tion, application  and  extension.  In  that  period  we 
are  living,  and  it  must  be  the  task  of  future  his- 
torians to  trace  its  course. 

"  Art.  851. 
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W>  may,  however,  nay  a  word  on  the  reception 
•rhich  the  theory  met  witli,  in  the  forms  which  it 
wsumed.  ivnterinr  to  the  labours  of  Faraday.  Even 
Iwfore  the  great  dipcovcry  of  Dnvy,  Cirotthnss,  hi 
I80u.  had  written  upon  the  theory  of  elect ro-chemical 
decompoMtion :  but  he  and,  as  we  have  seen,  Davy, 
and  afterwards  other  writers,  as  Riffault  and  Chom- 
pr».  in  1807,  referred  the  effects  to  the  poles".  But 
iho  moBt  important  attempt  to  appropriate  and 
pmj)!oy  the  geneniUsatiou  whieh  these  discoveries 
suffgpsted.  was  that  of  Berzelius;  who  adopted  at 
once  tlie  view  of  the  identity,  or  at  least  the  ilni- 
verwil  connexion,  of  electrleal  relations  with  chemical 
aifinity.  He  considered",  that  in  all  chemical  com- 
binRtinne  the  eleraentut  may  be  considered  as  electro- 
positive and  electro-negative;  and  made  thia  opjKiei- 
tioii  the  basis  of  his  chemical  doctrines ;  in  which  he 
was  followed  )>y  a  large  body  of  tlie  chemists  of  Ger'- 
many.  And  he  held  that  the  heat  and  light,  evolved 
during  cases  of  powerful  eomhination,  are  the  con- 
setjuenee  of  the  eloetrie  discharge  which  iB  at  that 
moment  taking  place;  a  conjecture  which  Fai-aday 
at  first  spoke  of  with  pmise'\  But  at  a  later  period 
he  more  sagely  says",  that  the  flame  which  is  jiro- 
dueed  in  such  cases  exhihits  but  a  small  jiortion  of 
the  electric  power  which  really  acts.  '■  These  there* 
fon?  may  not,  cannot,  be  taken  as  evidences  of  the 
aire  of  the  action;    but  arc   merely  incidental 
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results,  incomparably  small  in  relation  to  the  forces 
concerned,  and  supplying  no  information  of  the  way 
in  which  the  particles  are  active  on  each  other,  or  in 
which  their  forces  are  finally  arranged."  And  com- 
paring the  evidence  which  he  himself  had  given  of 
the  principle  on  which  Berzelius's  speculations  rested, 
with  the  speculations  themselves,  Faraday  justly 
conceived,  that  he  had  transferred  the  doctrine  from 
the  domain  of  what  he  calls  doubtful  knoudedgey  to 
that  of  inductive  certainty. 

Now  that  we  are  arrived  at  the  starting-place, 
from  which  this  well-proved  truth,  the  identity  of 
electric  and  chemical  forces,  must  make  its  future 
advances,  it  would  be  trifling  to  dwell  longer  on  the 
details  of  the  diffusion  of  that  doubtful  knowledge 
which  preceded  this  more  certain  science.  Our 
history  of  chemistry  is,  therefore,  here  at  an  end.  I 
have,  as  far  as  I  could,  executed  my  task;  which 
was,  to  mark  all  the  great  steps  of  its  advance,  from 
the  most  unconnected  facts  and  the  most  imperfect 
speculations,  to  the  highest  generalisation  at  which 
chemical  philosophers  have  yet  arrived. 

Yet  it  will  be  to  our  purpose  to  say  a  few  words 
on  the  connexion  of  this  science  with  those  of 
which  we  are  next  to  treat ;  and  that  I  now  pro- 
ceed to  do. 


CHAPTER  X. 


TSANSmON    FROM    TME    CHEMICAL   TO   THE   ClaSSIFI- 

CATORY  Sciences. 

It  U  the  object  and  the  boast  of  chemistry  to  acquire 
a  knowledge  of  bodies  which  is  more  exact  and  con- 
stant than  any  knowledge  borrowed  from  their 
sensible  quahties  can  be ;  since  it  penetrates  into 
their  intimate  constitution,  and  discloses  to  us  tlie 
invariable  laws  of  their  composition.  But  yet  i\, 
will  be  seen,  on  a  little  reflection,  that  auch  know- 
ledge could  not  have  any  existence,  if  we  were  not 
also  attentive  to  their  sensible  qualities. 

The  whole  fabric  of  chemistry  rests,  even  at  the 
present  day,  upon  the  opposition  of  acids  and  bases : 
an  acid  was  certainly  at  first  known  by  its  sensible 
qualities,  and  how  otherwise,  even  now,  do  we  per- 
ceive its  quality  ?  It  was  a  great  discovery  of 
modem  times  that  earths  and  alkalies  have  for  their 
bftses  metal.s:  but  what  are  metals?  or  how,  except 
from  lustre,  hardness,  weight,  and  the  like,  do  we 
Teoognise  a  body  as  a  metal?  And  how,  except  by 
b  characters,  even  before  its  analysis,  was  it  known 
^  an  earth  or  an  alkali?  We  must  suppose 
J  classification  established,  before  we  can  make 
f  advance  by  experiment  or  observation. 

a  easy  to  see  that  all  attempts  to  avoid  this 
T  by  referring  to  processes  and  analogies,  as 
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well  as  to  substances,  bring  us  back  to  the  same 
point  in  a  circle  of  fallacies.  If  we  say  that  an  acid 
and  alkali  are  known  by  combining  vnth  each  other, 
we  still  must  ask,  What  is  the  criterion  that  they 
have  combined?  If  we  say  that  the  distinctive 
qualities  of  metals  and  eartlis  are,  that  metals 
become  earths  by  oxidation,  we  must  still  inquire 
how  we  recognise  the  process  of  oxidation?  We 
have  seen  how  important  a  part  combustion  plays  in 
the  history  of  chemical  s})eculation ;  and  we  may 
usefully  foim  such  classes  of  bodies  as  combmtiUei 
and  sttpparters  of  cofnbustian.  But  even  combustton 
is  not  c^qmble  of  being  infallibly  known,  for  it  passes 
by  insensible  shades  into  oxidation.  We  can  find 
no  basis  for  our  reasonings,  which  does  not  assume 
a  classification  of  obvious  facts  and  qualities. 

But  any  classification  of  substances  on  such 
grounds^  appears,  at  first  sights  to  involve  us  in 
vagueness,  ambiguity,  and  contradiction.  Do  we 
really  take  the  sensible  qualities  of  an  acid  as  the 
criterion  of  its  being  an  acid  ?— for  instance,  its  sout^ 
ness?  Pnissic  acid,  arsenious  acid,  are  not  sour. 
^  I  remember,"  says  Dr.  Plans, '  "  a  chemist  having 
been  exposed  to  much  ridicule  from  speaking  of  It 
4weet  acid, — ^why  not  ? "  When  Davy  had  discovered 
potassium,  it  was  diluted  whether  it  was  a  metal ; 
for  though  its  lustre  and  texture  are  metallic,  it  is 
80  light  as  to  swim  on  water.  And  if  potassium  be 
allowed  to  be  a  metal,  is  silicium  one,  a  body  which 
wants  the  metallic  lustre^  and  is  a  non-conductor  of 

*  Life  of  Davy,  L  283. 
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electricitv  ?  It  is  clear  that,  at  least,  the  obsiom 
ipplicaiinn  of  a  classitioation  by  physical  cliaracters, 
« ittended  with  endless  perplexity. 

Bnt  since  we  rannot  even  I>egiii  our  researches 
•itliout  assnming  a  classilication,  and  since  the  forms 
of  such  a  classification  which  first  occur,  end  in  appa- 
ittit  confusion,  it  is  clear  that  we  must  look  to  our 
philosophy  for  a  solution  of  this  difficulty ;  and  must 
Hvoicl  the  embarrassraeuts  and  contradictions  of 
("Asual  and  unreflective  classification,  by  obtaining  a 
consistent  and  jihilosophical  arrangement.  We  must 
employ  external  characters  and  analogies  in  a  con- 
nected and  systematic  manner ;  we  must  have  classi- 
fieafofy  sciences,  and  these  must  have  a  bearing  even 
on  Chemistry. 

Accordingly,  the  most  philosophical  chemists  now 
proceeil  upon  this  principle.  "  The  method  which  I 
have  followed,"  says  M.  Thenard,  in  liia  Traite  de 
Chimie,  published  in  1824,  "  is,  to  unite  in  one  group 
all  analogous  l>odiee ;  and  the  advantage  of  this 
method,  which  itt  that  employed  by  natuj-alists,  is 
very  great,  especially  in  the  study  of  the  metals  and 
their  compounds'."  In  this,  as  in  all  good  systems 
of  rlienii.stry,  which  have  appeared  since  the  esta- 
Wisihment  of  the  phlogistic  theory,  combustion,  and 
thtf  analogous  processes,  are  one  great  element  in 
the  (iirangeraent,  while  the  difference  of  metallic  and 
non-mctaliic,  is  another  element.  Thus  Thenard, 
in  the  first  place,  speaks  of  oxygen;  in  the  next 
of  the  non-metallic  combustibles,  as  hydrogen, 
'  Pref.,  p.  viix. 
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cnrboii,  sulphur,  chlorine ;  and  in  the  next  place,  oi 
metals.     But  the  metals  are  again  divided  into  si^ 
sections,  with  reference,  principally,  to  their  fiicilitV 
of  combination  with  oxygen.     Thus,  the  first  section 
is  the  metals  of  the  earths ;  the  second,  the  metals  of 
the  alkalies ;  the  third,  the  easily  oxidable  metals,  93 
iron ;  the  fourth,  metals  less  oxidable,  as  copper  and 
lead;   the  fifth  section  contains  only  mercury  and 
osmium;   and   the  sixth,  what  were  at  an  earlier 
period  termed  the  ?i(^k  metals,  gold,  silver,  platinum, 

and  others. 

How  such  principles  are  to  be  applied,  so  as  to 
produce  a  definite  and  consistent  arrangement,  will 
be  explained  in  speaking  of  the  philosophy  of  the 
classificatory  sciences;  but  there  are  one  or  two 
peculiarities  in  the  classes  of  bodies  thus  recognised 
by  modem  chemistry,  which  it  may  be  useful  to 
notice. 

1.  The  distinction  of  metallic  and  non-metallic  is 
still  employed,  as  of  fundamental  importance.  The 
discovery  of  new  metals  is  so  much  connected  with 
the  inquiries  concerning  chemical  elements,  that  we 
may  notice  the  general  progress  of  such  discoveries. 
Golds  Silvery  Iron^  Copper^  Quicksilver^  Lead,  Tin,  were 
known  from  the  earliest  antiquity.  In  the  beginning 
of  the  sixteenth  century,  mine-directors,  like  George 
Agricola,  had  advanced  so  far  in  practical  metal- 
lurgy, that  they  had  discovered  the  means  of  extract- 
ing three  additional  metals,  Zinc,  Bismuth^  Antimony. 
After  this,  there  was  no  new  metal  discovered  for  a 
century,  and  then  such  discoveries  were  made  by 
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B  theoretical  chemists,  a  race  of  men  who  liail  not 
i  before  Beccherand  Stafal.  Thus  Arsenic  and 
o/(  were  made  known  by  Brandt,  in  tiie  middle  of 
iheeighteenth  century,  and  we  liave  a  long  list  of  sluii- 
Ur  discoveries  belonging  to  the  same  period ;  Nickel, 
Mmgatiese,  and  Tungsten,  nhieli  were  detected 
by  Cronstedt,  Gahn  and  Schccle,  and  Delliuyart, 
iMpectively ;  metais  of  a  very  different  kind,  Te/lu~ 
Tum  and  Molifbdcnum,  which  were  brought  to  light 
by  Miiller,  Scheele,  Bergman,  and  Hiclm  ;  Platinuin, 
which  was  known  as  early  as  1741,  but  with  the  ore 
of  whicli,  in  1802  and  1803,  the  English  chemists, 
WoUaston  and  Tennant,  found  that  no  less  than 
four  other  new  metals  {Palladium,  Rhodium.  Iridium, 
am!  Osmium)  were  associated.  Finally,  (omitting 
some  other  new  metals,)  M-e  have  another  period  of 
discovery,  opened  in  1807,  by  Davy's  discovery  of 
Potassiiijfi,  and  including  the  resolution  of  all,  or 
almost  all,  the  alkalies  and  earths  into  metallic  bases. 
2.  Attempts  have  been  made  to  indicate  the  clas- 
sification of  chemical  substances  by  some  jieculiarity 
in  the  name ;  and  the  metals,  for  example,  have  been 
designated  generally  by  names  in  um,  like  the  Latin 
nanKW  of  the  ancient  metals,  aurmn,  fm-rum.  Tliis 
srtificc  is  a  convenient  nomenclature  for  the  purpose 
of  marking  a  recognised  difference ;  and  it  would  be 

Rh    tho  while  of  chemists  to  agree  to  make  it 
eisal,  by  writing   molybdenwm    and  platinu;/)  ; 
h  is  sometimes  done,  but  not  always. 
I  am  not  now  to  attempt  to  determine  how  far 
thi^class,^ — metals,— extends;  butwhen  the  analogies 
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of  the  clas.^  cease  to  bold,  the  uomeuclatiire  mvi 
also  change.  Thus,  uomc  cUemi^t«i,  as  Dr.  TUonuoi 
have  conceWeii  that  the  baw  of  silica  is  moire  aoala 
gOHS  to  carbon  and  boron,  which  fonn  acids  wit| 
oxygen,  than  it  is  to  the  nietaU ;  uud  he  has  atvorii 
ingly  associated  this  base  with  tliese  substances,  am 
has  given  it  the  same  tennination.  Si/icon.  Bnt  n 
the  validity  of  thi^  analogy  chemists  appear  not  to  fa 
generally  agreed. 

4.  There  is  another  class  of  bodies  wbkh  ban 
attracted  much  notice  among  modem  chemlstg,  ao 
which  have  also  I>eeu  assimilated  to  each  other  1 
the  form  of  their  names ;  the  EngUi^h  writera  calliq 
them  Chlorine,  Fluftrine,  Iodine,  Jiivminet  while  1 
French  use  the  terms  C/ilore-,  Phlme.  fode^  J 
We  have  already  noticed  the  establit^hment  of  th 
doctrine  tliat  muriatic  acid  is  formed  of  a  i)ase,chl< 
rine,  and  of  hydrogen,  as  a  great  refonu  in  the  ox; 
gen  theory;  with  regard  to  which  rival  claims  wa 
advanced  by   Davy,  and  by  MM.  Gay-Lussac  an 
Thenard  in  1809.     Iodine,  a  remarkable  body  whio| 
from  a    dark    powder,   is  converted   into   a    viola 
coloured  gas  by  the  application  of  heat,  was  also, : 
1813,  the  subject  of  a  similar  rivalry  between  tl 
same  English  and  French  cheniii^t!*.     Bromine  vf 
only  discovered  as  late  as  182C;   and  fluorine, 
phtor,  as,  from  its  destructive  nature,  it  has  1 
proposed   to  term  it,  has  not  Iieen  obtained  as 
separate  substance,  and  is  inferred  to  exist  by  a 
logy  only.     Tliese  analogies   are  very  peculiar; 
instance,    by   combination    with    metals    they   fort 


TEAS'smOS  TO  CLASSIFICATORY  SCIENCE. 

:  bT  combiaation  with  hydrogen  they  form  verr 
strong  acids;  ami  all,  at  the  common  t<'mpcniture  of 
the  atmosphere,  operate  on  other  bodies  in  the  most 
eoergetic  cianner.  Berzelius'  proposes  to  call  them 
Itatogeiiowt  bodief,  or  haloyenes. 

5.  Tlie  number  of  elementary  substances  ^rhicU 
are  at  present  presented  in  our  treatises  of  che- 
mistry* 19  JiJhj-iAi-ee,  It  ia  naturally  often  asked 
what  evidence  we  have,  that  these  are  eleiueittary, 
or  that  they  are  all; — how  vrn  know  that  new 
elements  may  not  hereafter  be  discovered,  or  these 
rappoae*!  simple  bodies  resolved  into  simpler  Btill? 
To  these  questions  we  can  only  answer,  by  referring 
to  the  liistory  of  chemistry; — by  pointing  out  what 
chemists  have  uuderatooil  by  analysis,  according  to 
the  preceding  narmtiyo,  Tliey  Iiave  considered,  aa 
the  analysis  of  a  snlwtance,  that  elementary  cousti- 
tation  of  it  which  gives  tlie  only  intelligible  expla- 
nation of  the  rosultg  of  chemical  manipulation, 
and  which  is  proved  to  be  complete  as  to  (juan- 
titr,  by  the  balanec,  since  the  whole  can  only  bo 
etpial  to  all  its  parts.  It  is  imiwssible  to  main- 
■  ilia  that  new  substances  may  not  hereafter  bo  dis- 
[1;  for  they  may  lurk,  even  in  familiar  Bub- 
icee,  in  doses  so  minute  that  they  havo  not  yet 
missed  amid  the  inevitable  slight  inaccuracies 
analysis,  in  the  way  in  which  iodine  and 
line  remained  so  long  undetected  in  sea-water ; 
T  minerals,  or  old  ones  not  yet  suflSciently 
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examined,  can  hardly  fail  to  adtl  something  t 
our  Dst.  As  to  the  possibility'  of  a  furtlK 
analysis  of  our  supposed  simple  bodies,  we  ma 
venture  to  say  that,  in  regard  to  such  suppose 
eimple  bodies  as  compose  a  numerous  and  well 
characterised  class,  no  such  step  can  be  made,  excep 
through  »ome  great  change  in  chemical  theory 
which  gives  us  a  new  view  of  all  the  general  rela 
tions  which  chemistry  has  yet  discovered.  The  prope 
evidence  of  the  reality  of  any  supposed  new  analyst 
is,  that  it  is  more  consistent  with  the  known  analogie 
of  chemistry,  to  suppose  the  process  analytical  ■ 
synthetical.  Thus,  as  has  already  been  said,  ch( 
mists  admit  the  existence  of  fluorine,  from  th 
analogy  of  chlorine ;  and  Davy,  when  it  was  foun 
that  ammonia  formed  an  amalgam  with  mercui^ 
was  tempted  to  assign  to  it  a  metallic  ha.sis.  But 
then  he  again  hesitates',  and  doubts  whether  1 
analogies  of  our  knowledge  are  not  better  preservei 
by  supposing  that  ammonia,  as  a  compound  of  by 
drogen  and  another  principle,  is  "  a  type  of  i 
composition  of  the  metals." 

Our  history,  which  is  the  history  of  what 
know,  bos  little  to  do  with  such  conjectureit 
There  are,  Iiowever,  some  not  unimportant  priB- 
ciples  which  bear  upon  them,  and  wliich,  as  theyac^ 
usually  employed,  belong  to  the  science  which  ne: 
comes  under  our  review.  Mineralogy. 

'  Elem.  CVm.  Phil.  1812,  p.  481. 
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KpvfrraXKov  (j>aidovra  Siairyia  Xd^eo  ')(€pa\y 
Aaav  diroppoiav  7r€pi<f>€yy€0^  dfjLJSpoTOv  atyXrj^y 
AlOipi  S*  ddavdrtov  fiiya  ripTrerat  a(f>0iTov  fjTop. 
T6y  Ketvep  /ierd  x^^P^^  ^X^^>  'rrepl  ytfiv  r/ri^ai, 
Otrrt9  TOt  fiaKdptov  dpvi]0'€Tat  eu^coX^crt. 

Orpheus.  Lithictu 

Now,  if  the  bold  but  pious  thought  be  thine, 
To  reach  our  spacious  teinple*s  inner  shrine, 
Take  in  thy  reverent  hands  the  crystal  stone, 
Where  heavenly  light  in  earthy  shroud  is  shown  ;— 
Where,  moulded  into  measured  form,  with  rays 
Complex  yet  dear,  the  eternal  Etlier  plays  ( 
This  if  thou  firmly  hold  and  rightly  use, 
Not  long  the  gods  thy  ardent  wish  refuse.  * 


i/catort/  Sciences.  ■ 


The  liorizoii  of  the  sciences  spreads  wider  and  wtler 
before  us,  as  we  advance  in  our  task  of  taking  a  survey 
of  the  vast  domain.  We  liave  seen  that  tlie  existence 
of  chemistry  as  a  Bcience  wlilch  declares  the  ingre- 
ilients  and  essential  constitution  of  all  kinds  of  bodies, 
implies  the  existence  of  another  corresponding 
science,  which  shall  divide  bodies  into  kinds,  and 
|ti>int  out  steadily  and  precisely  what  bodies  they 
are  which  we  have  analyzed.  But  a  science  thus 
dividing  and  defining  bodies,  is  but  one  member 
if  an  order  of  sciences  diiferent  from  those  which 
we  have  hitherto  treated  of;  namely,  the  classijiea- 
lort/  gcieficet:.  Such  sciences  there  must  be,  not  only 
having  reference  to  the  bodies  with  which  chemistry 
deals,  but  also  to  all  things  respecting  which  wo 
aspire  to  obtain  any  general  knowledge,  as,  for  in- 
stance, plants  and  animals.  Indeed  it  will  be  found, 
that  it  is  with  regard  to  these  latter  objects,  to 
organized  beings,  that  the  process  of  scientific  classi- 
fication has  been  most  successfully  exercised  ;  while 
with  regard  to  inorganic  substances,  the  formation  of 
■tisfactory  syBtem  of  arrangement  has  been  found 
mely  difficult ;  nor  has  the  necessity  of  eucli  a 
been  recognisefl  by  chemists  so  distinctly 
I  constantly  as  it  ought  to  be.     The  best  exem- 
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plifications  of  these  branches  of  knowledge,  of  which 
we  now  have  to  speak,  will,  therefore,  be  found  in  the 
organic  world,  in  Botany  and  Zoology ;  but  we  will, 
in  the  first  place,  take  a  brief  view  of  the  science 
which  classifies  inorganic  bodies,  and  of  which 
Mineralogy  is  hitherto  the  very  imperfect  represen- 
tative. 

The  principles  and  rules  of  the  classificatory 
sciences,  as  well  as  of  those  of  the  other  orders  of 
sciences,  must  be  fully  explained  when  we  come 
to  treat  of  the  Philosophy  of  the  Sciences;  and 
cannot  be  introduced  here,  where  we  have  to  do 
with  history  only.  But  I  may  observe  very  briefly, 
that  with  the  process  of  dassingy  is  joined  the  process 
of  flaming : — that  names  imply  classification; — and 
that  the  rudest  and  earliest  application  of  language 
presupposes  a  distribution  of  objects  according  to 
their  kinds ; — ^but  that  such  a  spontaneous  and  un- 
systematic distribution  cannot,  in  the  cases  we  now 
have  to  consider,  answer  the  purposes  of  exact  and 
general  knowledge.  Our  classification  of  objects 
must  be  made  consistent  and  systematic,  in  order  to 
be  scientific ;  we  must  discover  marks  and  characters, 
properties  and  conditions,  which  are  constant  in  their 
occurrence  and  relations ;  we  must  form  our  classes, 
we  must  impose  our  names,  according  to  such  marks. 
We  can  thus,  and  thus  alone,  arrive  at  that  precise, 
certain,  and  systematic  knowledge,  which  we  seek ; 
that  is,  at  science.  The  object,  then,  of  the  classifi- 
catory sciences  is  to  obtain  fixed  characters  of  the 
kinds  of  things ;  and  the  criterion  of  the  fitness  of 
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names   is,   that  they  make  genehal  peopositions 

POSSIBLE. 

I  proceed  to  review  the  progress  of  t-ertain  sciences 
on  ttieso  principles,  and  first,  tiiou^h  briefiv,  the 
science  of  Mineralogy. 


Sect.  2. — Of  Mineralogy  as  the  Aiiali/t>co-clas»ijimlori/ 
Science. 

ERALOGY,  as  it  has  hitherto  been  cultivated,  is, 
t8  I  have  already  said,  an  imperfect  representative 
of  the  department  of  human  knowledge  to  which  it 
belongs.  The  attempts  at  the  science  have  gene- 
rally been  made  by  collecting  various  kinds  of  in- 
formation respecting  mineral  bodies ;  but  tiie  science 
which  we  require  is  a  complete  and  consistent  classi- 
fied system  of  all  inorganic  bodies.  For  chemistry 
proceeds  upon  the  principle  that  the  constitution  of  a 
body  invariably  determines  its  properties ;  and  oon- 
aequently,  its  kind;  but  we  cannot  apply  this  prin- 
le,  except  we  can  speak  with  precision  of  the  kind 
body,  as  well  as  of  its  composition.  We  cannot 
■h  any  sense  to  the  assertion,  that  soda  or  baryta 
has  a  metal  for  its  base,  except  we  know  what  a 
metal  is,  or  at  least  what  properties  it  implies.  It 
may  not  be,  indeed  it  is  not,  possible,  to  define  the 
kinds  of  bodies  by  words  only ;  but  the  classification 
must  procee<l  by  some  constant  and  generally  appli- 
cable process ;  and  the  knowledge  which  has  refer- 
to  the  classification  will  be  precise  as  far  as 


aeque 
^*ttacl 


1 


190  HISTORY   OF   MINERALOGY. 

this  process  is  precise,  and  vague  as  far  as  that  is 
vague. 

There  must  be,  then,  as  a  necessary  supplement  to 
chemistry,  a  science  of  those  properties  of  bodies  by 
which  we  divide  them  into  kinds.  Mineralogy  is 
the  branch  of  knowledge  which  has  discharged  the 
office  of  such  a  science,  so  far  as  it  has  been  dis- 
charged ;  and,  indeed,  has  been  gradually  approach- 
ing to  a  clear  consciousness  of  its  real  place  and 
whole  task ;  I  shall  give  the  history  of  some  of  the 
advances  which  have  thus  been  made.  They  are, 
principally,  the  establishment  and  use  of  external 
characters,  especially  of  Crystalline  Form,  as  a  fixed 
character  of  definite  substances ;  and  the  attempts 
to  bring  into  view  the  connexion  of  chemical  consti- 
tution and  external  properties,  made  in  the  shape  of 
mineralogical  Systems ;  both  those  in  which  chemical 
methods  of  arrangement  are  adopted,  and  those  which 
profess  to  classiiy  by  the  naturalrhistory  method. 


CR  YSTALLOGRAPBY. 
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^ELTPE  TO  THE  EpOCH  OF  De  LlSLE  AND  HaUY. 

Or  bU  the  pbpicai  properties  of  bodies,  th«e  is 
Bone  80  tixecl,  and  in  ereiy  way  so  remarkable,  as 
tliiB ; — tiiat  the  Btunc  (.-bcmiciil  compound  always 
umiines,  with  the  utmost  precision,  tlie  same  geo- 
metrical form.  This  identity,  however,  is  not  imuie- 
ittately  obvious ;  it  is  often  obscured  by  various  mix- 
tnres  and  imperfections  in  the  substance;  and  even 
when  it  is  complete,  it  is  not  immediately  recog;iiised 
by  a  common  eye,  since  it  consists,  not  in  tbe  equa- 
lity of  tlie  sides  or  (aces  of  the  figures,  but  in  the 
N]ual)ty  of  their  angles.  Hence  it  is  not  surprising 
that  the  constancy  of  fona  was  not  detected  by  the 
eariier  observers.  Pliny  s.i)-8 ',  '■  Why  crystal  is  gene- 
rated in  a  hexagonal  form,  it  is  difficult  to  a.ssign  a 
reason ;  and  tJie  more  so,  since,  wbile  its  faces  are 
RDOotlier  than  any  art  could  make  tliem,  the  pyra- 
^■Udal  points  are  »ot  aU  of  tJte  same  kind."  The  quartz 
^^^^•tals  of  tlie  Alps,  to  which  he  refers,  are,  in  some 
^Tperimens.  very  regular,  while  in  others,  one  side  of 
the  pyramid  becomes  much  the  lar^^pst;  yet  the 
angles  remain  constantly  the  same.  But  when  the 
'  Nat.  Hist. : 
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whole  shape  varied  so  much,  the  angles  also  seemed 
to  vary.     Thus  Conrad  Gessner,  a  very  learned  natu- 
ralist,  who,  in  1564«  published  at  Zurich  his  work, 
"'  Do   reniin    Fossilium,  Lapiduni    et   Gemmarum 
ina\inu\  Figuris"  says',  *'  One  crystal  differs  from 
another  in  its  angles*  and  consequently  in  its  figure.'' 
And  Ca>salpinus,  who,  as  we  shall  find,  did  so  much 
in  establishing  fixed  characters  in  botany,  was  led  by 
some  of  his  general  views  to  disbelieve  the  fixity  of 
the  form  of  cr^'stals.     In  his  work  "  De  Metallicis," 
published   at  Nuremberg  in  1602,  he  says',  "  To 
ascribe  to  inanimate  bodies  a  definite  form,  does  not 
api^ear  consentaneous  to  reason ;  for  it  is  the  office 
of  organization  to  produce  a  definite   form ;"  an 
opinion  very  natural  in  one  who  had  been  immersed 
in  the  study  of  the  general  analogies  of  the  forms  of 
plants.     But  the  rejection   of  this  definiteness  of 
form   a  hundreil  and  eighty  years  later,  when  its 
existence  had  been  proved,  and  its  laws  developed 
by  numerous  observers*  cannot  be  ascribed  to  any- 
thing but  strong  prejudice ;  yet  this  was  the  course 
taken  by  no  less  a  person  than  Buffon.     **  The  form 
of  crystallization,'*  savs  he\  *'  is  not  a  constant  dia- 
racier^  but  is  more  eiiuivocal  and  more  variable  than 
anv  other  of  the  characters  bv  which  minerals  are 
to  be  distinguished."     And  accordingly,  he  makes 
no  use  of  tliis  most  important  feature  in  his  history 
of  minerals.     This  strange  perverseness  may  per- 
haps be  ascribed  to  the  dislike  which  Buffion  is  said 

•p.  25.  'p.  97  'HistdM]liii.p.S43. 
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to    liave  entertmned  for  Linnseus,  who   had    made 
CTTstalline  form  a  leading  character  of  minerals, 

It  is  not  necessary  to  mark  all  the  minute  steps 
by  which  m^ineralogista  were  gradually  led  to  see 
clearly  the  nature  and  laws  of  the  fixity  of  crystal- 
line forms.  These  fonns  were  at  first  noticed  in 
that  substance  which  is  peculiarly  called  rock- 
crystal  or  quartz ;  and  afterwards  in  various  stones 
and  gems,  in  salts  obtained  from  various  solutions, 
and  in  snow.  But  those  who  observed  the  remark- 
able regular  figures  which  these  substances  assume, 
were  at  first  impelled  onwards  in  their  speculations 
by  the  natural  tendency  of  the  human  mind  to 
generalise  and  guess,  rather  than  to  examine  and 
measure.  They  attempted  to  snatch  at  once  the 
general  laws  of  geometrical  regularity  of  these 
occurrences,  or  to  connect  them  with  some  doctrine 
concerning  formative  causes.  Thus  Kepler',  in  his 
"  Harmonics  of  the  World,"  asserts  a  "  fwmatris 
Jacttllm,  which  has  its  seat  in  the  entrails  of  the 
earth,  and,  after  the  manner  of  a  pregnant  woman, 
cxpn*«^8  the  five  regular  geometrical  solids  in  the 
finins  of  gems,"  But  philosophers,  in  the  course  of 
time,  rested  more  upon  observation,  and  less  upon 
abstract  reasonings.  Nicolas  Steno,  a  Dane,  pub- 
lished in  1669,  a  dissertation  "  De  SoHdo  intra 
Soliilum  Naturaliter  contento,"  in  which  he  says', 
that  though  the  aides  of  the  hexagonal  crystal  may 
vary,  tlw   angles   are   not   changed.      And    Dominic 

\.  X61D,  p.  ICl. 
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Gulielmini.  in  a  ''  Dissertation  on  Salts,**  published 
in  1707,  says^  in  a  trae  induotiye  spirit,  ^  Nature 
does  not  employ  all  figures,  but  only  certain  ones  of 
those  which  are  possible ;  and  of  these,  the  determi- 
nation is  not  to  be  fetched  from  the  brain,  or  proted 
a  priori^  but  obtained  by  experiments  and  observs^ 
tions."  And  he  speaks'  with  entire  decision  on  this 
sulgeet :  ^  Nevertheless  since  there  is  here  a  prin^ 
oiple  of  ciystallization,  the  inclination  ci  the  planes 
and  of  the  angles  is  always  constant."  He  even 
anticipates,  very  nearly,  the  views  of  later  crystal* 
lographers  as  to  the  mode  in  which  ciystals  are 
formed  from  elementary  molecules.  From  this 
time,  many  persons  laboured  and  speculated  on  this 
subject ;  as  Capi)eller,  whose  **  Prodromus  Crystallo- 
graphisd"  appeared  at  Lucem  in  1723 ;  Bourguet, 
who  published  **  Lcttres  Philosophiques  sur  la  For* 
mation  de  Sels  et  de  Cristaux,**  at  Amsterdam  in 
1720  ;  and  Henokcl,  the  **  Physicus"  of  the  elector 
of  Saxony,  whose  "  Pyritologia**  came  forth  in  1726. 
In  this  last  work  we  have  an  example  of  the  de« 
scription  of  the  various  forms  of  special  classes  of 
minerals,  (iron,  copper,  and  arsenic,  pjrrites ;)  and  an 
example  of  the  enthusiasm  which  this  apparently 
dry  and  laborious  study  can  excite :  **  Neither 
tongue  nor  stone,**  he  exclaims',  *'  can  express  the 
satisfiiction  which  I  received  on  setting  eyes  upon 
this  sinter  covered  with  galena;  and  thus  it  con* 
stantly  happens,  that  one  must  have  more  pleasnre 

^  p.  19.  '  p.  83.  ^  p.  84S. 


vhat  seems  worthless  rubbish,  than  in  the  purest 
and  most  precious  ores,  if  we  know  aught  of 
minerals." 

Still,  however,  Henckel'"  disclaims  the  intention 
of  arranging  minerals  according  to  their  mathema- 
tical fomiB ;  and  this,  which  may  be  considered  aa 
the  first  decided  step  in  the  formation  of  crystallo- 
grajjhic  mineralogy,  appears  to  have  been  first 
attempted  by  Linntcus.  In  this  attempt,  however, 
he  was  by  no  meana  happy ;  nor  does  he  himself 
appear  to  have  been  satisfied.  lie  begins  his  pre- 
face by  saying,  '■  Lithology  is  not  what  I  plume 
myself  upon."  {Lithnhgia  mihi  cristas  ?ioti  erigei.) 
Though  his  sagacity,  as  a  natural  historian,  led  iiim 
to  see  that  crystalline  form  was  one  of  the  most 
ilefinito,  and  therefore  most  important,  characters  of 
mineral-s  he  failed  in  profiting  by  this  thought,  be- 
Fauae  in  applying  it  he  did  not  employ  the  light  of 
gwinictry,  but  was  regulated  by  what  appeared  to 
hira  resemblances,  arbitrarily  selected,  and  often 
ilelnBive".  Thus  he  derived  the  form  of  pyrites 
from  that  of  vitriol";  and  brought  together  alum 
and  diamond  on  account  of  their  common  octoliedral 
.form.  But  lie  liatl  the  great  merit  of  animating  to 
this  Ktudy  one  to  whom,  more  perhaps  than  to  any 
other  person,  it  owes  its  subsetpient  progress ;  I 
mean  RomS  de  Lisle.  *'  Instructed,"  this  writer 
wej%,  in  his  preface  to  his  "  Essais  de  CristallographJe," 
"  by  the  works  of  the  celebrated  Von  Linu^e,  how 

'  Sjst.  Nat.  vi.  p.  220. 
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greatly  the  study  of  the  angular  forms  of  crystals 
might  become  interesting,  and  fitted  to  extend  the 
sphere  of  our  mineralogical  knowledge,  I  have  fol- 
lowed them  in  all  their  metamorphoses  with  the 
most  scrupulous  attention.**  The  views  of  Linnffius, 
as  to  the  importance  of  this  character,  had  indeed 
been  adopted  by  several  others ;  as  John  Hill,  the 
king's  gardener  at  Kensington,  who,  in  1777,  pub- 
lished his  ^^  Spathogcnesia  ;*'  and  Grignon,  who,  in 
1775,  says,  "  These  crystallizations  may  give  the 
means  of  finding  a  new  theory  of  the  generation  of 
crystalline  gems." 

The  circumstance  which  threw  so  much  difficulty  in 
the  way  of  those  who  tried  to  follow  out  this  thought 
was,  that  in  consequence  of  the  apparent  irregularity 
of  crystals,  arising  from  the  extension  or  contraction 
of  particular  sides  of  the  figure,  each  kind  of  sub- 
stance may  really  appear  under  many  different 
forms,  connected  with  each  other  by  certain  geo- 
metrical relations.  These  may  be  conceived  by  con- 
sidering a  certain  fundamental  form  to  be  cut  into 
new  forms  in  particular  ways.  Thus  if  we  take  a 
cube,  and  cut  off  all  the  eight  comers,  till  the  ori- 
ginal feces  disappear,  we  make  it  an  octohedron; 
and  if  we  stop  short  of  this,  we  have  a  figure  of 
fourteen  faces,  which  has  been  called  a  cubo-octohe- 
dran.  The  first  person  who  appears  distinctly  to 
have  conceived  this  truncation  of  angles  and  edges^ 
and  to  have  introduced  the   word,   is  Demeste*'; 

*•  Lettres,  1779,  L  48. 
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although  Wallerius^^  had  already  said,  in  speaking 
of  the  various  crystalline  fonns  of  calcspar,  "  I  con- 
ceive it  would  be  better  not  to  attend  to  all  differ- 
enceSy  lest  we   be  overwhelmed  by  the  number.*' 
And    Werner,   in  his  celebrated   work   "  On  the 
Sxtemal  Characters   of  Minerals'*,"   had  formally 
spoken  of  truncation,  acuation,  and  acumination,  or 
replacement  by  a  plane,  an  edge,  a  point,  respec- 
tively, {abstumpfungy  zmchdrfungy  zuspitzung^)  as  ways 
in  which  the  forms  of  crystals  are  modified  and  often 
disguised.      He  applied  this  process  in  particular  to 
show  the  connexion  of  the  various  forms  which  are 
related  to  the  cube.     But  still  the  extension  of  the 
process  to  the  whole  range  of  minerals  and  other 
ciystalline  bodies,  was  due  to  Rome  de  Lisle. 

'^  Sjstema  Mineralogicum,  177^-5,  i.  143. 
»  Leipzig,  1774. 
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CHAPTER  II. 

Epoch  of  Rome  de  Lisle  and  Hauy.<— EsTABLSitf- 

KENT  OF  THE  FiXITY  OF  CrTBTALLINE  AsOlXSf 
AND  THE  BiMFLiaTY  OF  THE  LaWB  OF  DSRiyA<< 
TION. 

We  have  already  seen  that,  before  1780,  seyeral 
mineralogists  had  recognised  the  constancy  of  the 
angles  of  crystals,  and  had  seen  (as  Demeste  and 
Werner,)  that  the  forms  were  subject  to  modifica- 
tions of  a  definite  kind.  But  neither  of  these  two 
thoughts  was  so  apprehended  or  so  developed,  &s  to 
supersede  the  occasion  for  a  discoverer  who  should 
put  forward  these  principles  as  what  they  really 
were,  the  materials  of  a  new  and  complete  science. 
The  merit  of  this  step  belongs  jointly  to  Rome  de 
Lisle  and  to  Haiiy.  The  former  of  these  two  men 
had  already,  in  1772,  published  an  Essai  de  Cristalr 
lographie,  in  which  he  had  described  a  number  of 
crystals.  But  in  this  work  his  views  are  still  rude 
and  vague;  ho  does  not  establish  any  connected 
sequence  of  transitions  in  each  kind  of  substance, 
and  lays  little  or  no  stress  on  the  angles.  But  in 
1783,  his  ideas*  had  reached  a  maturity  which,  by 
comparison,  excites  our  admiration.  In  this  he 
asserts,  in  the  most  distinct  manner,  the  invariability 

^  Cristallographie,  ou  Description  de  Formes  propres  a  tons  les 
Corps  du  Begne  Mineral.    3  vols,  and  1  vol.  of  plates. 
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f  the  angles  of  emtalg  of  each  kind,  under  all  the 
mges  of  relative  dimension  which  tho  facea  may 
;  ami  ho  points  out  that  this  invariability 
^plies   only  to  the  primitice  fonris,  from  each  of 
wluch  many  secondary  fonns  arc  derived  by  variouB 
changes".     Thus  we  cannot  deny  him  the  merit  of 
having  taken  steady  hold  on  both  tlie  handles  of  this 
diacovery,    thougli    something    still    remained    for 
tother  to  do.     Itome  pursues  his  general  ideas  into 
;^1  with  great  labour  and  skill,     lie  gives  dmw- 
^^tip  of  more  than  five  hundred  regular  forms;  (in 
his  first  work  he  had  inserted  only  one  hundred  and 
ten;  Linns>ue  only  knew  forty;)  and  assigns  them 
tft  their    proper  substances;    for  instance,  thirty  to 
pftlcspar,  and  sixteen  to  felspar.     He  also  invented 
and  used  n  goniometer.     We  cannot  doubt  that  ho 
would  have  been  looked  njion  as  a  great  discoverer, 
if  Ids  fame  had  not  been  dimmed  by  tho  more  bril- 
liant 8iioeeH8  of  his  contemporary  Haiiy. 
lllne-Just    Haiiy  is  rightly  looked  upon  as  the 
[^Dander  of  the  modera  school  of  crystallography ;  for 
^Hpl  those  who  have,  since  him,  pursued  the  study 
^^Mth  success,  have  taken  his  views  for  their  basis. 
^^Hfejrides  publishing  a  systeni  of  crystallograjihy  and 
^Hv  mineralogy,  far  more  complete  than  any  which 
bad  yet  api»eared,  the  ]>ecnliar  sto|>s  in  the  advance 
which  belong  to  lum  are.  the  discover)'  of  the  im- 
jice  of  deavafff,  and  the  consequent  expression 
laws  of  deviation  of  secondary  from  primary 
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forms,  by  means  of  the  decrements  of  the  Buccessiye 
layers  of  integrant  molecules. 

The  latter  of  these  discoyeries  had  abeady  been* 
in  some  measure,  anticipated  by  Bergman,  who  had, 
in  1773,  conceived  a  hexagonal  prism  to  be  built 
up  by  the  juxta-position  of  solid  rhombs  on  the 
planes  of  a  rhombic  nucleus\  It  is  not  clear* 
whether  Haiiy  was  acquainted  with  Bergman's 
Memoir,  at  the  time  when  the  cleavage  of  a  hex- 
agonal prism  of  calcspar,  accidentally  obtained,  led 
him  to  the  same  conception  of  its  structure.  But 
however  this  might  be,  he  had  the  indisputable 
credit  of  following  out  this  conception  with  all  the 
vigour  of  originality,  and  with  the  most  laborious 
and  persevering  earnestness ;  indeed  he  made  it  the 
business  of  his  life.  The  hypothesis  of  a  solid,  built 
up  of  small  solids,  had  this  peculiar  advantage  in 
reference  to  crystallography ;  it  rendered  a  reason  of 
this  curious  fact ; — ^that  certain  forms  occur  in  crystals 
of  the  same  kind,  while  other  forms,  apparently  inter- 
mediate between  those  which  actually  occur,  are 
rigorously  excluded.  The  doctrine  of  decrements 
explained  this ;  for  by  placing  a  number  of  regularlyr 
decreasing  rows  of  equal  solids,  as,  for  instance,  bricks^ 
upon  one  another,  we  might  form  a  regular  equal* 
sided  triangle,  as  the  gable  of  a  house ;  and  if  the 
breadth  of  the  gable  were  one  hundred  bricks,  the 
height  of  the  triangle  might  be  one  hundred,  or  fifty, 

*  De  Formis  CrTStallorum.     Nov.  Act.  Eeg.  Soc  Sc  Ups. 
1773. 

*  Traits  de  Min^r.  1822.  i.  15. 


EPOCH    OF   DE   tISLE   AND   HAUY. 

i'twcnty-five ;  but  it  would  be  found  that  if  the 
leiglit  were  an  intenuediate  number,  as  fifty-seven, 
or  fort3'-three,  the  edge  of  the  M'all  would  become 
irregular ;  and  euch  irregularity  is  assumed  to  be  in- 
admissibte  in  the  regular  structure  of  crystals.  Thus 
this  mode  of  conceiving  crystals  allows  of  certain 
definite  secondary  forms,  and  no  others. 

The  mathematical  deduction  of  the  dimensions 
and  proportions  of  these  secondary  forms ; — the 
invention  of  a  notation  to  express  them ; — the  ex- 
amination of  the  whole  mineral  kingdom  in  accord- 
ance with  these  views; — the  production  of  a  work' 
in  which  they  are  explained  with  singular  clearness 
and  Tivaclty; — are  eenices  by  which  Haiiy  richly 
earned  the  admiration  which  has  been  bestowed  upon 
him.  Tlie  wonderful  copiousness  and  variety  of  the 
forms  and  laws  to  which  he  was  led,  thoroughly 
exercised  and  nourished  the  spirit  of  deduction  and 
calculation  which  bis  discoveries  excited  in  him. 
The  reader  may  form  some  conception  of  the  extent  of 
bis  labours,  by  being  told — that  the  mere  geometrical 
propositions  which  he  found  it  uocessar)-  to  premise 
la  his  special  descriptions,  occupy  a  volume  and  a 
half  of  his  work ; — that  his  diagrams  are  nearly  a 
thousand  in  number ; — that  in  one  single  substance 
(calc*par)  he  has  described  forty-seven  varieties  of 
fonn ; — and  that  he  has  described  one  kind  of  crystal 
(called  by  him  fee  sitlfure  paralleli^te)  which  has 
ooe  buadred  and  thirty-four  faces. 


•  Tmte  do  Mine'riUogie,  1801,  5  Tols. 
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In  tlio  course  of  a  long  life,  he  examined,  with 
considerable  care,  all  the  forms  he  could  procure  of 
all  kinds  of  mineral ;  and  the  interpretation  which 
ho  gave  of  the  laws  of  those  forms  \ni%  in  many 
cascH,  fixed,  by  means  of  a  name  applied  to  the 
minenil  in  which  the  form  occurred;  thus,  he  intro- 
(hir(*d  Kiu'h  names  as  ^quia*re,  metastatique^  tmibinaire^ 
jmnhexaltMral^  hisalterne^  and  others.  It  is  not 
desirable  to  apply  separate  names  to  the  different 
forms  of  the  same  mineral  species,  but  these  terms 
answered  tlie  purpose,  at  the  time,  of  making  the 
subjects  of  study  more  definite.  A  symbolical  nota- 
tion is  the  more  convenient  mode  of  designating 
such  forms,  and  such  a  notation  Haiiy  invented ;  but 
the  symbols  devised  by  him  had  many  inconveniences, 
and  have  since  boon  superseded  by  the  systems  of 
other  crystallographers. 

Another  of  his  leading  merits  was,  as  we  have 
already  intimated,  to  have  shown,  more  clearly  than 
his  predecessors  had  done,  that  the  crystalline  angles 
of  substances  arc  a  criterion  of  the  substances ;  and 
that  this  is  peculiarly  true  of  the  angles  ofdeavage;^ 
that  is,  the  angles  of  those  edges  which  are  obtained 
by  cleaving  a  cr}'stal  in  two  different  directions ; — a 
mode  of  division  which  the  stnicture  of  many  kinds  of 
crystals  allowed  him  to  execute  in  the  most  complete 
manner.  As  an  instance  of  the  employment  of  this 
criterion,  T  may  mention  his  separation  of  the  sul- 
phates of  baryta  and  of  strontia,  which  had  previously 
been  confounded.  Among  crystals  which  in  the 
-•oUections  were  ranked  together  as  "heavy  spar," 
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whicli  were  bo  perfect  bs  to  admit  of  accurate 
mcoKUremont,    lie    found    that   those    which    were 
brought  from  Sicily,  and  those  of  Derbyshire,  differed 
in  tlieir  cleava^  angle  by  three  degrees  and  a  half. 
•*  I  could  nnt  suppose,"  ho  saj-s',  "  that  this  difference 
■was  the  vffect  of  any  law  of  decrement ;  for  it  would 
have  been  necessary  to  suppose  so  rapid  and  eomplox 
A  law,  that  such  on  hypothesis  might  have  bet- n  justly 
rcganloil  as  an  abuse  of  the  theory."     He  was,  there- 
fore, in  great  perplexity.     But  a  little  while  prcneus 
I«>  thiR,  Klaproth  had  discovered  that  there  is  an 
earth  which,  though  in  many  respects  it  resembles 
baryta,  is  different  from  it  in  others;  and  ttiis  earth, 
flrom  the  place  where  it  was  found  (in  Scotland)  had 
been   named  Strontia.     The    French    chemists   liad 
^Stoertainod  that  the  two  earths  had,  in  some  cased, 
BIfcon    mixed   or    confounded ;    and   Vauqueliu,    on 
■>Joimining  the  Sicilian  cr)'stals,  found  that  their  base 
was  strontia,  and  not,  as  in  the  Derbyshire  ones, 
barrta.     The  riddle  was  now  read;  all  the  crystals 
with  tlic  larger  angle  belonged  to  the  one,  all  those 
with  the  smaller,  to  the  other,  of  the?e  two  sulphates; 
and    cryntallometry   was    clearly    recognised   as   an 
authorized  tent  of  the  difference  of  substances  which 
nearly  resemble  each  other. 

Enough  has  been  said,  proI>aldy,  to  enable  the 
mwlcr  10  Judge  liow  much  each  of  the  two  persona, 
now  uniltT  review,  contributed  to  crystallography. 
It  would  bo  unwise  to  compare  such  contributions 
to  science  with  the  great  discoveries  of  astronomy 
•  Tniile,  ii.  320. 
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and  chemistrv;  and  we  have  seen  how  nearly  til 
predecessors  of  Home  and  Haiiy  had  reached  tli 
point  of  knowledge  on  which  they  took  their  stain 
But  yet  it  is  ini])ORsible  not  to  allow,  that  in  thei 
discoveriea,  which  thus  gave  form  and  substance  t 
the  science  of  crystallography,  we  have  a  manifesta 
tion  of  no  common  sagacity  and  skill  Here,  as  i 
other  discoveries,  were  required  ideas  and  facts  ^ 
clearness  of  geometrical  conception  which  could  del 
with  the  most  complex  relations  of  form ;  a  raiuut 
and  extensive  acquaintance  with  actual  crystals 
and  the  talent  and  habit  of  referring  these  facts  t 
the  general  ideas.  Ilauy,  in  ]mrticular,  was  happil 
endowed  for  his  task.  Without  being  a  gres 
mathematician,  he  was  sufficently  a  geometer 
solve  all  the  problems  which  his  undertaking  di 
mauded ;  and  though  the  mathematical  reaiionii^ 
might  have  been  made  more  compendious,  by  oa 
who  was  more  at  home  in  mathematical  generalias 
tion,  probably  this  could  hardly  have  been  don 
without  making  the  subject  less  accessible  and  le< 
attractive  to  persons  moderately  disciplined  in  mathe 
matics.  In  all  his  reasonings  upon  particular  cai 
Haiiy  is  acute  and  clear;  while  his  general  vieH 
appear  to  be  suggested  rather  by  a  lively  fancy  thai 
by  a  sage  inductive  spirit :  and  though  he  thus  misse 
the  character  of  a  great  philosopher,  tlie  vivacity  0 
style,  and  felicity  and  happiness  of  illustration,  whid 
grace  his  book,  and  which  agree  well  with  tb 
character  of  an  Abbe  of  the  old  French  monarch] 
had  a  great  and  useful  influence  on  the  progress  a 
\the  subject. 


EPOCH   OF    DE   LISLE   AND   HAUY. 

TJn  fortunately  Rome  de  Lisle  and  Haiiy  were  not 
only   rivals,  but    in   some   measure  enemies.     The 
former  might  naturally  feel  some  vexation  at  findiug 
himself,  in  his  later  years  (lie  died  in  1790),  thrown 
into  shade  by  his  more  brilliant  successor.     In  refer- 
ence to  Ilaiiy's  use  of  cleavage,  he  speaks'  of  "in- 
no\-ators    in  crystallography,  who  may  properly  be 
^^jalled    cjyslalloclasts"      Yet   he   adopted,    in    great 
^■itMsare,    the    same   views    of    the    formation    of 
^^H^tals    by  lamina',    which    Haiiy   illustrated    by 
^^BiS  destructive    process   at  which  he  thus  sneers. 
^^HEte  sensitiveness  was  kept  alive  by  the  conduct  of 
^"  flie  Academy  of  Sciences,  which  took  no  notice  of 
lini  and  his  labours'";  probably  because  it  was  led 
by  Buifon,  who  disliked  Linnaius,  and  might  dislike 
Home  as  his  follower ;  and  who,  as  we  have  seen, 
despised    crystallography.     Haiiy   revenged    himself 
by  rarely  mentioning  Rome  iu  his  works,  though  it 
was  manifest  that  his  obligations  to  him  were  im- 
mense; and  by  recording  his  errors  while  he  cor- 
rected them.     More  fortunate  than  his  rival,  Haiiy 
was,  from  the  first,  received  with  favour  and  applause. 
His  lectures  at  Paris  were  eagerly  listened  to  by 
persons  from  all  quarters  of  the  world.     His  views 
Were,  in  this   manner,   speedily  diffused ;    and  the 
subject  was  soon  pursued,  in  various  ways,  by  mathe- 
maticians  and   mineralogists   in    every   country   of 
Europe. 
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Reception  and  CoRRECfnoNS  of  the  Hauian 

Crystalloorapy. 

I  HAVE  not  hitherto  noticed  the  imperfectionf  of  the 
crystallographio  views  and  methods  of  Haiiy,  heeause 
my  business  in  the  last  section  was  to  mark  the 
permanent  additions  he  made  to  the  science.  His 
system  did,  however,  require  completion  and  rectift<< 
cation  in  various  points;  and  in  speaking  of  the 
crystallographers  of  the  subsequent  time,  who  may 
all  be  considered  as  the  cultivators  of  the  Hauian 
doctrines,  we  must  also  consider  what  they  did  in 
correcting  them. 

The  three  main  points  in  which  this  improvement 
was  needed  were;*^^  better  determination  of  the 
crystalline  forms  of  the  special  substances ; — a  more 
general  and  less  arbitrary  method  of  considering  crys- 
talline  forms  according  to  their  symmetry ; — and  a 
detection  of  more  general  conditions  by  which  the 
crystalline  angle  is  regulated.  The  first  of  these 
processes  may  be  considered  as  the  natural  sequel 
of  the  Hauian  epoch :  the  other  two  must  be  treiated 
as  separate  steps  of  discovery. 

When  it  appeared  that  the  angle  of  natural  or  of 
cleavage  faces  could  be  used  to  determine  the  differ- 
ences of  minerals,  it  became  important  to  measure 
angle  with  accuracy.  Haiiy's  measurements 
foond  very  inaccurate  by  many  succeeding 


Ilogmiiliere ;  Mohe  says'  that  they  are  so  gene- 
rttlly  inaccurate,  that  no  confidence  can  bo  placed  in 
tliem.  TUiH  was  said,  of  course,  according  to  tho 
more  rigorouB  notions  of  accuracy  to  ■wliicli  tho 
e«tAblishment  of  Haiiy's  aysteni  led.  Among  the 
persons  who  principally  laboured  in  tucertaining, 
with  precieion,  the  crystalline  angles  of  minerals, 
were  soveml  Englishmen,  especially  Wollaston, 
Phillips,  and  Brooke.  Wollaston,  by  the  invention 
of  hid  goniometer,  placed  an  entirely  new  degree  of 

E racy  within  tho  reach  of  the  crystallogmpher ; 
augltt  of  two  faces  being,  in  this  instrument, 
nircd  by  means  of  tlie  reflected  images  of  bright 
oldeotii  seen  in  thein,  so  that  tho  measure  is  the 
more  accurate  the  more  minute  the  faces  are.  In 
thti  use  of  this  instrument,  no  one  was  more  laborious 
and  successful  than  AViUlam  Phillijis,  whose  power 

Pfi  a|>preUeiiding  the  most  complex  forms  with  steadi- 
■BB  and  clearness,  led  Wollaston  to  say  that  ho  had 
ra  geometrical  sense."  Phillips  ])ublished  a  Treatise 
on  Mineralogy,  containing  a  great  collection  of  such 
determinations ;  and  Mr.  Brooke,  a  crystallographer 
of  tlie  same  exact  and  careful  school,  has  also  pub- 
lished several  works  of  the  same  kind.  The  precise 
measurement  of  crystalline  angles  must  be  tho 
lamiliar  emploj-mont  of  all  who  study  crystallography ; 
and,  therefore,  any  further  enumeration  of  those  who 
have  a<ided,  in  this  way,  to  the  stock  of  knowledge, 
Would  l>e  superfluous. 
Nor  need  I  dwell  long  on  those  who  added  to  the 
'  Man.  p.  153. 
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knowledge  which  Haiiy  left,  of  derived  fonns.  The 
most  remarkable  work  of  this  kind  was  that  of 
Count  Boumon,  who  published  a  work  on  a  single 
mineral  (calcspar)  in  three  quarto  volumes'.  He 
has  here  given  representations  of  seven  hundred 
forms  of  crystals,  of  which,  however,  only  fifty-^ 
are  essentially  different.  From  this  example  the 
reader  may  judge  what  a  length  of  time,  and  what 
a  number  of  observers  and  calculators,  were  requisite 
to  exhaust  the  subject. 

If  the  calculations,  thus  occasioned,  had  been 
conducted  upon  the  basis  of  Haiiy's  system,  without 
any  further  generalisation,  they  would  have  belonged 
to  that  process,  the  natural  sequel  of  inductive  dis- 
coveries, which  we  call  deduction;  and  would  have 
needed  only  a  very  brief  notice  here.  But  some 
additional  steps  were  made  in  the  upward  road  to 
scientific  truth,  and  of  these  we  must  now  give  an 
account. 


'  Traite  complet  de  la  Chaux  Carbonatee  et  d'Aiagonite, 
H.  le  Comte  de  Boumon.    London,  1 808. 


Establishment  of  the  Distinction  of  Systems  of 
Cbystallization. — Weiss  and  Mohs. 


^Haijj-'a  views,  as  generally  happens  in  new  8y&- 
tems,  however  true,  there  was  involved  something 
t>iat  was  arbitrary,  something  that  was  false  or 
dotihtfiil,  and  something  that  M'as  unnecessarily 
limited.  The  principal  points  of  this  kind  were ; — ■ 
his  having  made  the  laws  of  crystalline  derivation 
depend  so  much  upon  cleavage ; — Iiis  having  assumed 
an  atomie  constitution  of  bodies  as  an  essential  part 
of  his  system ; — and  his  having  taken  a  set  of  primary 
fonns,  which,  being  selected  by  no  general  view, 
*(!re  lartly  superfluous,  and  partly  defective- 
How  far  evidence,  such  as  has  been  referred  to  by 
Tarious  philosophers,  has  proved,  or  can  prove,  that 
hodies  are  constituted  of  indivisible  atoms,  miU  be 
moru  fully  examined  in  the  work  which  treats  of 
tke  Philosophy  of  this  subject.  There  can  be  little 
doubt  that  the  portion  of  Haiiy's  doctrine  which 
most  riveted  popular  attention  and  applause,  was 
lu9  dissection  of  crystals,  in  a  manner  which  was 
nippoeed  to  lead  actually  to  their  ultimate  material 
detnciits.  Yet  it  is  clear,  that  since  the  solids  given 
b)r  cleavage  are,  in  many  cases,  such  as  cannot  make 
up  » iwlid  space,  the  i)rimary  conception,  of  a  neces- 
tuj  geometrical   identity  between   the  results  oC 
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division,  and  the  elements  of  composition,  which  is 
the  sole  foundation  of  the  supposition  that  crystallo- 
graphy points  out  the  actual  elements,  disappears  on 
being  scrutinized :  and  when  Ilaiiy,  pressed  by  this 
difficulty,  OS  in  the  case  of  fluor-spar,  put  his  integrant 
octohedral  molecules  together,  touching  by  the  edges 
only,  his  method  became  an  empty  geometrical 
diagram,  with  no  physical  meaning. 

The  real  fact,  divested  of  the  hypothesis,  which 
was  contained  in  the  fiction  of  decrements,  was,  that 
when  the  relation  of  the  derivative  to  the  primary 
faces  is  expressed  by  means  of  numerical  indiceSi 
these  numbei*s  are  integers,  and  generally  very  small 
ones ;  and  this  was  the  form  which  the  law  gradually 
assumed,  as  the  method  of  derivation  was  made  more 
general  and  simple  by  Weiss  and  others, 

"  When,  in  1809,  I  published  my  Dissertation," 
says  Weiss ',  "  I  shared  the  common  opinion  as  to 
the  necessity  of  the  assumption  and  the  reality  of 
the  existence  of  a  primitive  form,  at  least  in  a  sense 
not  ver}'  different  from  the  usual  sense  of  the  expres- 
sion. While  I  sought,"  he  adds,  referring  to  certain 
doctrines  of  general  pliilosophy  which  he  and  others 
entertained,  '^  a  dyiiamical  ground  for  this,  instead  of 
the  untenable  atomistic  view,  I  found  that,  out  of 
my  primitive  foims,  there  was  gradually  unfolded  to 
my  hands,  that  which  really  governs  them,  and  is  not 
afTected  by  their  casual  fluctuations,  the  fundamental 
relations  of  those  Dimensions  according  to  which 
a  multiplicity  of  internal   oppositions,   necessarily 

'  Acad.  Berl.  1816,  p.  307. 
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■nd  mutuflllj'  iHterdejiendeut,  arc  developed  in  the 
mass,  each  having  its  own  polarity;  bo  that  the 
ciyBtallinc  charaoter  is  co-extensive  with  tliese  po- 
Unties." 

^e  "Dimensions"  of  which  Weiss  here  speaks, 
be  A*-es  of  Sj/tnjnetiy  of  tlie  cr}'stal ;  that  is, 
]ine«,  in  reference  to  whicli,  every  face  is  ac- 
companied by  i>ther  faces,  having  the  same  positions 
Mid  properties.     Thus  a  rhomb,  or  more  properly  a 
^^^mio/tcdron',  of  calc-spar  may  be  placed  with  one 
^^^■1  obtuse  comers  uppennost,  so  that  all  the  three 
^THh  which  meet  there  are  equally  inclined  to  the 
rerticftl  line.     In  this  position,  every  derivative  face, 
^ihicli  is  obtaineil  by  any  moJification  of  the  faces  or 
^^^■B  of  the  rhombohedron,  implies  either  three  or 
^^Hlfench  derivative  faces;  for  no  one  of  the  three 
tffper  iiici'S  of  the  rliombohedron  has  any  character  or 
property  diftereut  from  the  other  two ;  and.  therefore. 
tlioro  is  no  reason  for  the  existence  of  a  derivative 
from  one  of  these  primitive  faces,  which  does  not 
tqoally  hold  for  the  other  primitive  faces.     Hence 
(he  derivative  forms  will,  iu  all  cases,  contain  none 
Iflit  foccs  connected  by  this  kind  of  correspondence. 
The  axis  thus  made  vertical  will  be  an  Axis  of  Sym- 
matxY,  and  the  crystal  will  consist  of  three  divisions, 
luged  round  this  axis,  and  exactly  resembling  each 
other.     According  to  Weiss's  nomenclature,  such  a 
'      oywtal  is  "  three-and-three-membered." 

Bat  this  is  only  one  of  the  kinds  of  symmetry 

'  I  DSC  tliis  name  for  the  siAid  figure,  siacu  rhomb  has  always 
i  for  a  plane  figure. 
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which   crystalline   forms  may   exhibit.     They  may 
have  three  aa^es  of  comi)lete  and  equal  s}Tiimetry  at 
right  angles  to  each  other,  as  the  cube  and  the  regular 
octohedron; — or,  two  aa^es  of  equal  s}Tninetry,  pe^ 
pendicular  to  each  other  and  to  a  tliird  curisy  which 
is  not  affected  with  the  same  symmetry  with  which 
they  are;    such  a  figure  is  a  square  pyramid; — or 
they  may  have  three  rectangular  axes^  all  of  unequd 
symmetry,  the  modifications  referring  to  each  axia 
separately  from  the  other  two. 

These  are  essential  and  necessary  distinctions  of 
crvstalline  form ;  and  the  introduction  of  a  classificar' 
tion  of  forms  founded  on  such  relations,  or  as  they 
were  called,  Systems  of  CrystalUzationy  was  a  great 
improvement  upon  the  divisions  of  the  earlier  crystal- 
lographers,  which  were  separated  according  to  certain 
arbitrarily-assumed  primary  forms.  Thus  Rome  de 
Lisle'*  fundamental  forms  were,  the  tetrahedron,  the 
cube,  the  octohedron,  the  rhombic  prism,  the  rhombic 
octohedron,  the  dodecahedron  with  triangular  faces : 
Haiiy's  primary  forms  are  the  cube,  the  rhombohe- 
dron,  the  oblique  rhombic  prism,  the  right  rhombic 
prism,  the  rhombic  dodecahedron,  the  regular  octo- 
hedron, tetrahedron,  and  six-sided  prism,  and  the 
bipyramidal  dodecahedron.  This  division,  as  I  have 
already  said,  errs  both  by  excess  and  defect,  for  some 
of  these  primary  forms  might  be  made  derivatives 
from  others ;  and  no  solid  reason  could  be  assigned 
why  they  were  not.  Tims  the  cube  may  be  derived 
from  the  tetrahedron,  by  truncating  the  edges ;  and 
the  rhombic  dodecahedron  again  from  the  cube,  by 
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Lting  its  edges;  while  the  atjuare  pyramid  could 
not  be  legitimately  identified  with  the  deriTative  of 
any  of  these  forms ;  for  if  we  were  to  derive  it  from 
the  riiombie  prism,  why  should  the  acute  angles 
olwitrs  suffer  decrements  corresponding  in  a  certain 
way  to  those  of  the  obtuse  angles,  ais  they  must  do 
in  onler  to  give  rise  to  a  square  pjTamid  ? 

The  introduction  of  the  method  of  reference  to 
Systems  of  Crystallization  has  been  a  subject  of  con- 
troTersy,  some  ascribing  this  valuable  step  to  AVeiss, 
and  some  to  Mobs'.  It  appears,  I  think,  on  the 
whole,  that  Weiss  first  published  works  in  which  the 
method  is  employed;  but  that  BIolis,  by  applying  it 
to  all  the  known  species  of  minerals,  has  litid  the 
merit  of  making  it  the  basis  of  real  crystallography. 
Weiss,  in  1809,  published  a  Dissertation  On  the 
node  of  int;esti<jnting  the  principal  t/eojnctrical  character 
of  aystaliine  fai-ms,  in  which  he  says',  "  No  part, 
Kne,  or  quantity,  is  so  important  as  the  axis;  no 
consideration  is  more  essential  or  of  a  higher  order 
tlian  the  relation  of  a  crystalline  plane  to  the  axis;" 
and  again.  "  An  axis  is  any  line  governing  the  figure, 
about  which  all  parts  are  similarly  disposed,  and  with 
reference  to  which  they  correspond  mutually."  This 
he  «>ou  followed  out  by  examination  of  some  diffi- 
as  Felspar  and  Epidote.  In  the  Memoirs 
le  Berlin  Academy',  for  1814-5.  he  published 
iiUion  of  the  naiural  Divisions  of  Systems  of 
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CrystaUization.     In  tliia  Memoir,  bis  divisioiw  are  ' 
ftH  follows : — The  regular  system,  the  foifr-memiered, 
the     twQ-and'two-mcmbered.     the      t/irce-mid-three- 
membered,   and  some  others  of  inferior    de^jees  OM 
Bymmetr)'.     These  divisions  are  by  Mobs  {OuilitMk 
of  Mineralwiy,  1822,)  termed  the  icssidar.  piframidal, 
jn-ismniic,   and    rhomhohedrai    systems   respectivelj'. 
Hausmann,  in  his  Investigations  concerning  t/ie  Forms  - 
of  irionimate  Nature',  makes  a  nearly  correspondidj 
arrangement ; — tho    isometric,    monodimetric,    triiru 
tj-if^,  and  vtonofrimetric ;  and  one  or  other  of  th« 
sets  of  terms  have  been  adopted  by  most  succeedii 
writers. 

In  order  to  make  the  distinctions  more  apjmrent,  | 
have  purposely  omitted  to  speak  of  the  systems  whid 
arise  when  the  prismatic  system  loses  some  part  of  it^l 
symmetry; — when  if  has  only  half  or  a  quarter  i<»J 
complete  number  of  fncos; — or,  according  to  Mohs*s 
jihraseology.  wlien  it  is  kemihedral  or  (eiartohedral. 
Such  systems  are  rejiresented  by  the  singly-obliquo  , 
or  doubly-oblique  prism ;  they  are  termed  by  Woii^ 
two-and'One  membered,  and  one-and-one  membered; 
other  writers,  MonokHnometHc,   and    TriMinnmett 
Systems.     There  are  also  other  peculiarities  of  8yi 
metry,  sucb,  for  instance,  as  that  of  the  pfagihcdrt 
faces  of  quartz,  and  other  minerals. 

The  introduction  of  an  arrangement  of  crystallia»1 
forms   into   systems,  according   to  their  degree  of 
symmetry,  was  a  step  MJiich  was  rather  founded  on 

•  Gtitlingeu,  1821. 
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[istinct  and  comprehensive  perception  of  mathe- 
tical  relations,  than  on  an  acquaintance  with 
)erimental  fiEicts,  beyond  what  earlier  mineralogists 
1  possessed.  This  arrangement  was,  however, 
narkably  confirmed  by  some  of  the  properties  of 
tiends  which  attracted  notice  about  the  time  now 

>ken  of,  as  we  shall  see  in  the  next  chapter. 
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CHAPTER  V. 

Reception  and  Confirmation  of  the  Distinction 
OF  Systems  of  Crystallization. 

Diffusioti  of  the  Distinction  of  Systems. — ^The  distiiK 
tion  of  systems  of  crystallization  was  so  far  founds 

on  obviously  true  views,  that  it  was  speedily  adopted S 

by  most  mineralogists.  I  need  not  dwell  on  the^ 
steps  by  which  this  took  place.  Mr.  Haidinger's 
translation  of  Mohs  was  a  principal  occasion  of  its 
introduction  in  England.  As  an  indication  of  dates, 
bearing  on  this  subject,  perhaps  I  may  be  allowed 
to  notice,  that  there  appeared  in  the  Philosophical 
Transactions  for  1825,  A  General  Met/iod  of  Calculat- 
ing tJie  Angles  of  C'iystalsy  which  I  had  written,  and 
in  which  I  referred  only  to  Haiiy's  views ;  but  that 
in  1826*,  I  published  a  Memoir  on  the  dassificadon 
of  Crt/stallifie  Combinations^  founded  on  the  methods 
of  Weiss  and  Mohs,  especially  the  latter;  with 
which  I  had  in  the  mean  time  become  acquainted, 
and  which  appeared  to  me  to  contain  their  own 
evidence  and  recommendation.  General  methods, 
such  as  was  attempted  in  the  Memoir  just  quoted, 
are  part  of  that  process  in  the  history  of  sciences, 
by  which,  when  the  principles  are  once  established, 

*  Camb.  TraDS.  vol.  ii.  p.  391. 
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f  mathematical  operation  of  deducing  their  con- 
Bequences  is  made  more  and  more  general  and 
sjTnmetrical :  which  we  have  seen  already  exempli- 
fied in  the  history  of  celestial  mechanics  after  the 
time  of  Newton.  It  does  not  enter  into  our  plan, 
to  dwell  upon  the  various  steps  in  this  way  made 
by  Levy,  Naumanu,  Grassraau,  Kupffer,  Hessel, 
and  by  Professor  Miller  among  ourselves.  I  may 
notice  that  one  great  improvement  was,  the  method 
introduced  by  Monteiro  and  Levy,  of  determining 
the  laws  of  derivation  of  forces  by  nieans  of  the 
parallelising  of  edges ;  which  van  afterwards  ex- 
tended so  that  faces  were  considered  as  belonging 
to  zones.  Nor  need  I  attempt  to  enumerate  (what 
indeed  it  would  be  difficult  to  describe  in  words) 
the  various  metliode  of  notation  by  which  it  has 
been  pro|tosed  to  represent  the  faces  of  crystals,  and 

^hf  lacilitate  the  calculations  which  have  reference 

^Htfaem. 

^^^Cmfrrmation  of  the  Distinction  of  Systems  by  the 
Optical  Propaiies  of  Miricrals. — Breicstei: — I  must 
not  omit  to  notice  the  striking  confirmation  which 
the  distinction  of  systems  of  crystallization  received 
from  optical  discoveries,  especially  those  of  Brew- 
ster. Of  the  history  of  this  very  rich  and  beautiful 
ilcpartment  of  science,  we  have  already  given  some 
account,  in  speaking  of  optics.  The  first  facta 
which  were  noticed,  those  relating  to  double  refrac- 
tion, belonged  exclusively  to  crystals  of  the  rhom- 
^edral  system.     The  splendid  ]ihenomeiia  of  the 
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rrr?:»K  «fv(rc  L^t-r^'ar::*  discovered;  and  these 
wwe.  in  1>17.  r-}a«s:^.i  hv  Sir  David  Brewster. 
arr*«riir.£  to  ibe  crystAllme  fomis  to  which  they 
brfonr-  Thi*  ola*^i5traTv:*n.  on  comparison  with  the 
di^tinciion  of  Sv<oinf  of  t'rv«talliration,  resolved 
itself  into  a  necis«arv  ivlsiion  of  mathematical 
svmmeTrv :  all  crvstal*  of  the  pvramidal  and  rhom- 
V*hedral  fvftem^  which  frvm  their  geometrical 
character  have  a  MUirlo  axis  of  svmmetr\%  are 
al«o  optically  uniaxal,  aiiJ  pnxhice  by  dipolarixation 
circular  rings:  while  the  )»ri*matic  system,  which 
ha?  no  puch  single  axis,  bnt  three  unequal  axes 
of  sjTnmetrr,  is  optically  biaxal.  gives  lemniscates 
by  dipolarized  light,  and.  according  to  FresneFs 
theory,  has  three  rectangular  axes  of  unequal  elas- 
ticity. 

Many  other  most  curious  trains  of  research  have 
confirmed  the  general  truth,  that  the  degree  and 
kind  of  geometrical  symmetry'  corresponds  exactly 
with  the  H}Tnmetry  of  the  optical  properties.  As 
an  instance  of  this,  eminently  striking  for  its  singu- 
larity, wc  may  notice  the  discover)*  of  Sir  John 
Ilerschcl,  that  the  plagihedral  crystallization  of 
quartz,  by  which  it  exhibits  faces  twisted  to  the 
right  or  the  left,  is  accompanied  by  right  or  left- 
handed  circular  polarization  respectively.  No  one 
acquainted  with  the  subject  can  now  doubt,  that 
the  correspondence  of  geometrical  and  optical  sym- 
metry is  of  the  most  complete  and  fundamental 
kind. 
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Thus  the  highest  generalisations  at  which  mathe- 
matical crystallographers  have  yet  arrived,  may  be 
considered  as  fully  established ;  and  the  science,  in 
the  condition  in  which  these  place  it,  is  fit  to  be 
employed  as  one  of  the  members  of  mineralogy,  and 
thus  to  fill  its  appropriate  place  and  ofiice. 
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CHAPTER  VI. 

Correction  op  the  Law  of  the  same  Angle  for 

THE  SAME  Substance. 

Discacery  of  Isomorphism.     Mitscherlich. — ^The  dis- 
covery  of  which  we  now  have  to  speak  may  appear 
at  first  sight  too  large  to  be  included  in  the  history 
of  crystallography,  and  may  seem  to  belong  rather 
to  chemistry.      But  it  is  to  be  recollected  that  cry- 
stallography, from  the  time  of  its  first  assuming  im- 
portance in  the  hands  of  Haiiy,  founded  its  claim  to 
notice  entirely  upon  its  connexion  with  chemistry ; 
crystalline  forms  were  properties  of  something ;  but 
fvhtU  that  something  was,  and  how  it  might  be  modi- 
fied without  becoming  something  else,  no  crystallo- 
grapher  could  venture  to  decide,  without  the  aid  of 
chemical  analysis.     Haiiy  had  assumed,  as  the  gene- 
ral result  of  his  researches,  that  the  same  chemical 
elements,  combined  in  the  same  proportions,  would 
always  exhibit  the  same  crystalline  form ;  and  re- 
ciprocally, that  the  same  form  and  angles  (except  in 
the  obvious  case  of  the  tessular  system,)  implied  the 
same  chemical  constitution.     But  this  dogma  could 
only  be  considered  as  an  approximate  conjecture ; 
for  there  were  many  glaring  and  unexplained  excep- 
tions to  it.     The  explanation  of  several  of  these  was 
beautifully  supplied  by  the  discovery  that  there  are 
various  elements   which  are  isomorphous  to   each 
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her ;  that  is,  such  that  one  may  take  the  place  of 
another  without  altering  the  crystalline  form ;  and 
thus  the  chemical  composition  may  be  much 
changed,  while  the  crj'stallographic  character  is 
ondisturbed. 

This  truth  had  been  caught  sight  of,  probably  as  a 

g^ess  only,  by  Fuehs  as  early  as  1815.     In  speaking 

of    a  mineral  which  had  been  called  Gehlenite,  he 

says,  "  I  hold  the  oxide  of  iron,  not  for  an  essential 

component  part  of  this  genus,  but  only  as  a  vicarious 

element,  replacing  so  much  lime.     We  shall  find  it 

necessary  to  consider  the  results  of  several  analyses 

of  mineral  bodies  in  this  point  of  view,  if  we  wish, 

oil  the  one  hand,  to  bring  them  into  agreement  with 

the  doctrine  of  chemical    proportions,    aud  on  the 

other,  to  avoid  unnecessarily  splitting  up    genera." 

In  a  lecture  "  On  the  Mutual   Influence  of  Che- 

imiBtry  and  Mineralogy',"  he  again  draws  attention 

Ito  hig  term  vicarious  {ricarireiide.)  which  undoubt- 

F  tdly  expresses  the  nature  of  the  general  law  after- 

V8nl»  established  by  Mitscherlich  in  1822. 

Vet  we  are  not  to  suppose  that,  after  this  antici- 
ptttion  of  Fuchs,  the  step  made  by  Mitscherlich  was 
obrious  or  unimjiortant.  Till  many  careful  analyses 
V  bad  given  substance  and  signification  to  this  concep- 
ioo  of  vieariouH  elements,  it  was  of  small  value, 
rcrliaps  no  one  was  more  capable  than  Berzelius  of 
turuiog  to  the  best  advantage  any  ideas  which  were 
I'lurcnt  in  the  chemical  world  ;  yet  we  find  him'  in 

'  »unicli,  1S20. 

Y  ou  lliH  'flieory  of  Cliemical  Proportions,  p.  122. 
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1820,  dwelling  upon  a  certain  vague  view  of  these 
cases, — ^that  ^  oxides  which  contain  equal  doses  of 
oxygen  must  have  their  general  properties  common ;" 
without  tracing  it  to  any  definite  conclusions.  But 
his  scholar,  Mitscherlich,  gave  this  proposition  a  real 
crystallographical  import.  Thus  he  found  that  the  car- 
bonates of  lime  (calc-spar,)  of  magnesia,  of  protoxide 
of  iron,  and  of  protoxide  of  manganese,  agree  in 
many  resi)ects  of  form,  while  the  homologous  angles 
vary  through  one  or  two  degrees  only ;  so  again  the 
carbonates  of  banta,  strontia,  lead,  and  lime  (arrago- 
nite),  agree  nearly ;  the  different  kinds  of  felspar 
vary  only  by  the  substitution  of  one  alkali  for 
another ;  the  phosphates  are  almost  identical  with 
the  arseniates  of  several  bases.  These,  and  similar 
results,  were  expressed  by  saying  that,  in  such  cases, 
the  bases,  lime,  protoxide  of  iron,  and  the  rest,  are 
isomarplious ;  or  in  the  latter  instance,  that  the 
arsenic  and  phosphoric  acids  are  isomoqihous. 

Since,  in  some  of  these  cases,  the  substitution  of 
one  element  of  the  isomorphous  group  for  another 
does  alter  the  angle,  though  slightly,  it  has  since 
been  proposed  to  call  such  groups  plesiomorphom. 

This  discovery  of  isomori>hisni  was  of  great  im- 
portance, and  excited  much  attention  among  the 
chemists  of  Europe.  Tlie  history  of  its  reception, 
however,  belongs,  in  part,  to  the  classification  of 
minerals ;  for  its  effect  was  immediatelv  to  nieta- 
morphose  the  existing  chemical  systems  of  arrange- 
ment. But  even  those  crystallographers  and  che- 
dsts  who  cared  little  for  general  systems  of  classifi- 
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Jon,  received  a  powerful  impulse  by  the  expec- 
tation, which  was  now  excited,  of  discovering 
definite  laws  connecting  chemical  constitution  with 
italUne  form.  Such  investigations  were  soon 
on  with  great  activity.  Tbue  at  a  recent 
iod,  Ampech  analyzed  a  number  of  tcssular 
mincraK  spinelle,  j>leona8te,  gabnite,  franklinitc, 
and  chromic  iron  oxide;  and  seems  to  have  had 
aomc  success  in  giving  a  common  type  to  their 
chemical  formulte,  as  there  is  a  common  type  in  their 
CTyBtallizftlion. 

Dimorj}hism. — My  business  is.  to  point  nut  the 
connected  truths  which  have  been  obtained  by 
]lhiIoBOphers,  rather  than  insulated  difficulties  which 
itill  stand  out  to  perplex  them.  I  need  not,  there- 
fore, dwell  on  the  curious  cases  of  dimorphism ; 
CBitee  in  which  the  same  definite  chcmicjil  compound 
if  the  same  elements  appears  to  have  two  different 
thus  the  carbonate  of  lime  has  two  forms, 
and  an'agnnite.  which  belong  to  different 
IS  of  crystallization.  Such  facts  may  puzzle 
but  they  hardly  interfere  with  any  received 
lora!  trutlis,  because  we  have  as  yet  no  truths  of 
wrj"  high  order  respecting  the  connexion  of  chemi- 
cal constitution  and  crystalline  form.  Dimorphism 
<doC8  not  interfere  with  isomorphism;  the  two 
'Classes  of  facts  stand  at  the  same  stage  of  inductive 
generalization,  and  we  wait  for  some  higher  truth 
which  shall  include  both,  and  rise  above  theui. 
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Attempts  to  Establish  the  Fixity  of  other 
Physical  Properties. — ^Werner. 

The  reflections  from  which  it  appeared,  (p.  183  of 
this  volume,)  that  in  order  to  obtain  general  know- 
ledge respecting  bodies,  we  must  give  scientific  fixity 
to  our  appreciation  of  their  properties,  applies  to  their 
other  properties  as  well  as  to  their  crystalline  form. 
And  though  none  of  the  other  properties  have  yet 
been  referred  to  standards  so  definite  as  that  which 
geometry  supplies  for  crystals,  a  system  has  been 
introduced  which  makes  their  measures  fiEu*  more 
constant  and  precise  than  they  are  to  a  common 
undisciplined  sense. 

The  author  of  this  system  was  Abraham  Gottlob 
Werner,  who  had  been  educated  in  the  institutions 
which  the  elector  of  Saxony  had  established  at  the 
mines  of  Freiberg.  Of  an  exact  and  methodical 
intellect,  and  of  great  acuteness  of  the  senses, 
Werner  was  well  fitted  for  the  task  of  giving  fixity 
to  the  appreciation  of  outward  impressions;  and 
this  he  attempted  in  his  '^  Dissertation  on  the 
External  Characters  of  Fossils,"  which  was  published 
at  Leipzig  in  1774.  Of  the  precision  of  his  estima- 
tion of  such  characters,  we  may  judge  from  the  fol- 
lowing story,  told  by  his  biographer  Frisch*.      One 

*  Wemei^fl  Leben,  p.  26. 


of  his  companions  had  received  a  quantity  of  pieoea 
<Jf  amber,  and  was  relating  to  Werner,  then  very 
*'oung,  that  he  had  found  in  the  lot  one  piece  from 
which  he  could  extract  no  signs  of  electricity. 
VVerner  requested  to  be  allowed  to  put  his  hand  iti 
the  bag  which  contained  these  pieces,  and  imme- 
diately drew  out  the  unelectrical  piece.  It  was 
yellijw  chalcedony,  which  is  distinguishable  from 
amber  by  its  weiglit  and  coldness. 

The  jmucipal  external  characters  which  were  sub- 
jected by  Werner  to  a  systematic  examination,  were 
colour,  lustre,  hardness,  and  specific  gravity.  HiB 
Bubdivisions  of  the  first  character  {colour,)  were 
■very  numerous ;  yet  it  cannot  be  doubted  that  if  we 
recollect  them  by  the  eye,  and  not  by  their  names, 
they  are  definite  and  valuable  characters,  and  espe- 
cially tlie  metallic  colours.  Brelthaupt,  merely  by 
the  aid  of  this  character,  distinguished  two  new  com- 
pounds among  the  small  grains  foimd  along  with 
the  grains  of  platinum,  and  usually  confounded  with 
them.  The  kinds  of  Itistre,  namely,  glassi/,faliy,  ada^ 
mtnUine,  metaUic,  are,  when  used  in  the  same  manner, 
equally  valuable.  Specific  gi-acUy  obviously  admits 
of  a  numerical  measure ;  and  the  hardness  of  a 
mineral  was  pretty  exactly  defined  by  the  aubetancea 
which  it  would  scratch,  and  by  which  it  was  capable 
of  being  scratclied. 

Werner  soon  acquired  a  reputation  as  a  minera- 
logist, which  drew  persons  from  every  part  of  Europe 
to  Freiborg  in  order  to  hear  his  lectures;  and  thus 
[Used  very  widely  his  mode  of  employing  external 
fOL.  lu.  Q 
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characters.     It  was,  indeed,  impossible  to  attend  so 
closely  to  these  characters  as  the  Wemerian  method 
required,  without  finding  that  they  were  more  dis- 
tinctive than  might  at  first  sight  be  imagined ;  and 
the  analogy  which  this  mode  of  studying  mineralogy 
established  between   that    and    other  branches  of 
natural  history,  recommended  the  method  to  those 
in  whom  a  general  inclination  to  such  studies  was 
excited.      Thus  Professor  Jameson  of  Edinburgh, 
who  had  been  one  of  the  pupils  of  Werner  at  Frei- 
berg, not  only  published  works  in  which  he  promul- 
gated the  mincralogical  doctrines  of  his  master,  but 
established  in  Edinburgh  a  "  Wemerian  Society," 
having  for  its  object  the    general  cultivation   of 
natural  history. 

Werner's  standards  and  nomenclature  of  external 
characters  were  somewhat  modified  by  Mohs,  who, 
with  the  same  kind  of  talents  and  views,  succeeded 
him  at  Freiberg.  Mohs  reduced  hardness  to  nume* 
rical  measure  by  selecting  ten  known  minerals,  each 
harder  than  the  other  in  order,  from  talc  to  cortmdtim 
and  diamonds  and  by  making  the  place  which  these 
minerals  occupy  in  the  list,  the  numerical  measure 
of  the  hardness  of  those  which  are  compared  with 
them.  The  result  of  the  application  of  this  fixed 
measurement  and  nomenclature  of  external  charac- 
ters will  appear  in  the  History  of  Classification,  to 
which  we  now  proceed. 
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Attempts  at  the  Classification  op  Mikeralb. 

Sect.  \.— Proper  direct  of  Classification. 

I  Sxitf  of  the  crystalline  aud  other  physical  pro- 
iHirties  of  minerals  is  turned  tu  account  by  being 
^ade  the  means  of  classifying  such  objects.     To  use 
the  language  of  Aristotle',  Classification  is  ihQ  archi- 
tectonic science,  to  which  Ci^-stallography  and   the 
t)octrine  of  External  Characters  are  subordinate  and 
miiiistcrial,  as    the  art  of  the   bricklayer  and  car- 
^uter  arc  to  that  of  the  architect.     But  classifica- 
^^yn  iteelf  is  useful  only  as  subservient  to  an  ulte- 
^^^MT  science,  which  shall  furnish  us  with  knowledge 
^^Knceruuig   things  so  classified.     To  classify  is  to 
^^Hmde  and  to  name;  and  the  value  of  the  divisions 
^m^ob  we  thus  make,  and  of  the  names  which  we 
'       give  tliem,  is  this ; — that  they  render  exact  knowledge 
'        uid  general  projiositious  ]>ossible.       Now  the  know- 
ledge which  we  principally  seek  concerning  minerals 
is  a  knowledge  of  their  chemical  composition ;  the 
general  propositions  to  which  we  hope  to  be  led  are 

'  Eth.  Nitom.  i.  2. 
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euch  as  assert  relations  between  their  intimate  con- 
stitution and  their  external  attributes.  Thus  our' 
mineralogical  classification  must  always  liave  an  eye 
turned  towards  chemistry.  We  cannot  get  rid  or 
the  fundamental  conviction,  that  the  elementary 
composition  of  bodies,  since  it  fixes  their  essencCif 
must  determine  their  properties.  Hence  all  mine) 
ralogical  arrangements,  whether  they  profess  it  of' 
not,  must  be,  in  eft'ect,  chemical ;  they  must  have  i 
for  their  object  to  bring  into  view  a  set  of  relationij 
which,  whatever  else  they  may  be,  are  at  least  chw 
mical  relations.  We  may  begin  with  the  outstdej 
but  it  is  only  in  order  to  reach  the  inner  structuneC 
We  may  classify  without  reference  to  chemistry^ 
but  if  we  do  so,  it  is  only  that  we  may  assert  chemil 
cal  propositions  with  reference  to  our  classification.  1 

But,  as  we  have  already  attempted  to  show,  ' 
not  only  may,  but  we  must  classify',  by  other  thsa 
chemical  characters,  in  order  to  be  able  to  make  oti 
classification  the  basis  of  chemical  knowledge.  B 
order  to  assert  chemical  tniths  concerning  bodiefl 
we  must  have  the  bodies  known  by  some  tests  nfl 
chemical.  Tlie  chemist  cannot  assert  that  arragonitc 
does  or  does  not  contain  strontia,  except  the  mine- 
ralogist can  tell  him  M'hether  any  given  specimen  is 
or  is  not  arragonite.  If  chemistry  be  called  upon  t 
supply  the  definitions  as  well  as  the  doctrines  i 
mineralogy,  the  science  can  only  consist  of  identiol 
propositions. 

Yet    chemistry   has   been    much    employed 
mineralogical    classifications,    and,    it   is    gei 
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ieved,  with  advantage  to  the  science:    How  is 
this  consistent  with  what  has  been  said  ? 

To  this  the  answer  is,  that  when  this  has  been 
done  with  advantage,  the  authority  of  external  cha- 
'■actcrs,  as  well  as  of  chemical  constitution,  has  been 
brought  into  play.  We  have  two  sets  of  properties 
to  compare,  chemical  and  physical ;  to  exhibit  the 
Connexion  of  these  is  the  object  of  scientific  niinera- 
logy.  And  though  this  connexion  would  be  most 
*li»tjnctly  asserted,  if  we  could  keep  the  two  sets  of 
properties  distinct,  yet  it  may  be  brought  into  view 
*n  &  great  degree,  by  classifications  in  which  both  are 
•jBierred  to  as  guides.  Since  the  governing  principle 
tiie  attempts  at  classification  is  the  conviction 
the  chemical  constitution  and  the  physical  pro- 
perties have  a  definite  relation  to  each  other,  wo 
appear  entitled  to  use  both  kinds  of  evidence,  in 
proportion  as  we  can  best  obtain  each ;  and  the 
jpneral  consistency  and  convenience  of  our  system 
will  then  be  the  security  for  its  containing  substan- 
tial knowledge,  though  this  be  not  presented  in  a 
rigorously  logical  or  sj-stematic  form. 

Such  mived  sf/stans  of  classification,  resting  partly 
on  chemical  and  partly  on  physical  characters,  na- 
lUy  appeared  as  the  earliest  attemjits  in  this  way, 
the  two  members  of  the  subject  had  been 
separated  in  men's  minds ;  and  these  systems, 
ire,  we  must  first  give  an  account  of. 


It- 
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Seel.  2. — Mi-xed  Systems  of  Classification. 

Early  Systems. — The  first  attempts  at  classifying 
minerals  went  upon  the  ground  of  those  dlffereno 
of  general  aspect  which  liad  been  recognised  in  t 
fonnation  of  common  language,  as  earths,  stonm^^ 
metals.  But  such  arrangements  were  maiiife8tljft| 
raguc  and  confused ;  and  when  chemistry  had  i 
Tanced  to  power  and  honour,  her  aid  was  natural!)*: 
called  in  to  introduce  a  better  order.  "  Hiarne  and 
Bromell  were,  as  far  as  1  know,"  says '  Cronstedt,  '•  the 
first  who  founded  any  mineral  system  upon  chemical 
principles ;  to  thorn  ■we  owe  the  three  known  divi- 
sions of  the  most  simple  mineral  bodies ;  y\z.  the 
adca-rei,  vitrescentes,  and  apyn."  But  Cronetedt's 
own  Essay  tmoards  a  Syste/n  of  AIinei-(dogy,  published 
in  Swedish  in  1758,  had  perhaps  more  influence  than 
any  other,  upon  siiccocding  systems.  In  this,  the 
distinction  of  earths  and  stones,  and  also  of  Titrescent  ^ 
and  non-vitrescent  earths  {apyri),  is  rejected, 
earths  are  classed  as  calcareous,  siliceotts,  argillaee 
and  the  like.  Again,  calcareous  earth  is  pure,  {calc 
spar),  or  united  with  acid  of  vitriol  {gypsum),  or  united 
with  the  muriatic  acid  (sal  ammoniac),  and  the  like. 
It  is  easy  to  see  that  this  is  the  method,  which,  ia  its 
general  principle,  has  been  continued  to  our  own  thne. 
In  such  methods,  it  is  supposed  that  we  can  recognise 
the  substance  by  its  general  a]tiiearance,  and  on  this 


'  Milierdlogr,  Pref.  f 
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lAjiimption,  its  place  in  the  sj-stem  convej'S  to  U9 
chemical  knowledge  concerning  it. 

But  as  the  other  braiichee  of  Natural  History,  and 
««peciaU;  Botany,  asaumcd  a  systematic  form,  many 
XUfneralogiet^   became  distaatii^ficd  nitli   this   casual 
and   auporficial  mode  of  taking  account  of  external 
ebaractors;    they  became  convinced,  that  in  mine- 
TwXogy  aa  in  otiier  sciences,  classification  must  havo 
its  Bjstcni  and  its  rulee.     The  views  which  Werner 
ascribes  to  his  teacher,  Pabst  von  Oliain',  show  the 
l4Be  of  those  opinions  which  led  through  Werner  to 
Siohs:    "He  ^vas  of  opinion  that  a  natural  mineral 
1  inust  be  constructed  by  chemical  (k>termina- 
and  external  characters   at    the    same  time 
irfttj  mi.vtn) ;  but  that  along  with  this,  minera- 
\  ouglit  also  to  construct  and  employ  what  he 
1  an  artijieial  system,  which  might  serve  us  as  a 
fB.de  {toco  indicts)  how  to  introduce  newly-discovered 
fnfnila  into  the  system,  and  how  to  find  easily  and 
qntckly  those  already  known  and  introduced."     Such 
an  artificial  system  containing,  not  the  grounds  of 
cIiLSsification,  but  marks  for  recognition,  was  after- 
wards iittempted  by  Slohs,  and  termed  by  him  the 
Cfiaivctn-istic  of  his  system. 

TVemei-'s  System. — But,  in  the  mean  time,  Wer- 
t's classification  had  an  extensive  reign,  and  this 
1  still  a  mixed  system.     Werner  liimself,  indeed, 
published  a   system  of  mineralogy.      "  We 
ht  almost  imagine,"  Cnvier  says',  "  that  when  he 
I  produced  his  nomenclature  of  extenial  charac- 
'  Fmch.  Werner,  p.  15.  '  Cuv.  Kl.  ii.  314, 
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tera,  he  was  affrighted  with  his  ovm  creation;  am 
that  the  reason  of  his  writing  so  Httle  after  this  tirsti 
essay,  was  to  avoid  the  shackles  whicli  he  had  im- 
posed upon  others."  His  system  was,  indeed,  madftr 
known,  both  in  and  out  of  Germany,  by  his  pupils: 
but,  in  consequence  of  AVerner's  unwillingness  to-, 
give  it  on  his  own  authority,  it  assumed,  in  it«  pub*), 
lishcd  forms,  the  appearance  of  an  extorted  Becr^ 
imperfectly  told.  A  Notice  of  the  Mbm-fdogx 
Cabinet  of  Mine-Diredor  Paist  von  Ohaiii,  was,  iiii 
1792,  published  by  Karsten  and  Hoffman,  under; 
Werner's  direction ;  and  conveyed,  by  example,  hi^ 
views  of  mineralogical  arrangement;  and'  in  1816 
his  Doctriite  of  Classifcation  was  surreptitiouslyri 
copied  from  his  manuscript,  and  published  in  a  Ger^" 
man  Journal,  tenned  The  Hespents.  But  it  wa^ 
only  in  1817,  after  his  death,  that  there  appeared. 
Wernei's  Last  Mineral  Sj/stem ;  edited  from  hiw 
papers  by  Breithaupt  and  Kohler :  and  by  this  tim^ 
as  we  shall  soon  see,  other  systems  were  coming, 
forwards  on  the  stage.  i 

A  very  slight  notice  of  Werner's  arrangement^-, 
■will  suffice  to  show  that  it  was,  as  we  have  termed] 
it,  a  mixed  system.  Ho  makes  four  great  Classes  of' 
fossils,  Earthi/,  Saline,  Combustible,  Metallic;  the  earthy  t 
fossils  are  in  eight  Genera — Diamond,  Zircon,  Silica,] 
Alumina,  Talc,  Lime,  Barjta,  Hallites.  It  is  clear  that, 
these  genera  are  in  the  main  chemical,  for  chemistrjfi 
alone  can  definitely  distinguish  the  earths  which' 
characterise  them.  Yet  the  Wernerian  arrangementi 
•  Friach.  p.  62. 
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the  distinctions  to  be  practically  made  by 

Iference    to  those  external   characters  which  the 

icher  himself  could    apply  with  such  surpassing 

And  though  it  cannot  be  doubted,  that  the 

kemical  views  which  prevailed  around  him  had  a 

lent  influence  on  his  classifications  in  some  cases, 

resolutely  refused  to    bend   his  system  to   tlie 

fclthority  of  chemistry.     Thus'  when  he  was  blamed 

having,    in  opposition  to  the  chemists,  placed 

noQd  among  the  earthy  fossils,  he  persisted  in 

declaring  that,  mineralogically  considered,  it  was  a 

Stone,  and  could  not  be  treated  as  anything  else. 

^^   Tills  was  an  indication  of  that  tendency,  which, 

^■Bder  his  successor,  led  to  a  complete  separation  of 

^Hhe  two  grounds  of  classification.     But  before  we 

^proceed  to  this,  we  must  notice  what  was  doing  at 

this  period  in  other  parts  of  Europe. 

Haiii/s   Si/sfem. — ^Though  Werner,  on   his  own 

inciples,  ought  to  have  been  the  first  person  to  see 

pe  immense  value  of  the  most  marked  of  external 

racters,   crystalline   fonn,   he  did   not,    in    fact, 

ich  much  importance  to  it.     Perhaps  he  was  in 

bine  measure  fascinated  by  a  fondness  for  those 

icters  whicli  he  had  himself  systematized,  and 

^e  study  of  which  did  not  direct  him  to  look  for 

tomctrical  relations.     However  this  may  be,  the 

lory  of  giving  to  crystallograpliy  its  just  imjiortauce 

*  in  mineralogy  is  due  to  France ;  and  the  Treatise  of 

HaiJy,  pubHshed  in  1801,  is  the  basis  of  the  best 

-succeeding  works  of  mineralogy.     In  this  work, 

'  Frisch.  p.  62. 
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arrangement  is  professedly  chemical ;  and  the  classic 
fication  thus  established  is  employed  as  the  means 
of  enunciating  crystallographlc  and  other  properties. 
"The  principal  object  of  this  Treatise,"  says  the 
author',  "is  the  exposition  and  developement  of  a 
method  founded  on  certain  principles,  which  may 
serve  as  a  frame-work  for  all  the  knowledge  which 
mineralogy  can  supply,  aided  by  the  different  sciences 
which  can  join  hands  with  her  and  march  on  the 
same  line."  It  is  worthy  of  notice,  as  characteristic 
of  this  period  of  mixed  systems,  that  the  classifica- 
tion of  Ilaiiy,  though  founded  on  principles  so  dif- 
ferent from  the  ^^'emerian  ones,  deviates  little  from 
it  in  the  general  character  of  the  divisions.  Thus, 
the  first  Order  of  the  first  Class  of  Haiiy  is  Acidifeivus 
Earthy  Sffbsfanccs ;  the  first  genus  is  ZfW ;  the  spe- 
cies are,  Cdrbonate  of  LimCy  Phosphate  of  Limej 
Fluate  of  Lime,  Sulphate  of  Lime,  and  so  on. 

Other  Systems. — Such  mixed  methods  were  intro- 
duced also  into  this  country,  and  have  prevailed,  we 
may  say,  to  the  present  time.  The  mineralogy  of 
William  Phillips,  which  was  published  in  1824,  and 
which  was  an  extraordinary  treasure  of  crystallogra- 
phic  facts,  was  arranged  by  such  a  mixed  system; 
that  is,  by  a  system  professedly  chemical ;  but,  inas- 
much as  a  rigid  chemical  system  is  impossible,  arid 
the  assumption  of  such  a  one  leads  into  glaring 
absurdities,  the  system  was,  in  tliis  and  other  attempts 
of  the  same  kind,  corrected  by  the  most  arbitraiy 
and  lax  application  of  other  considerations. 

'  Disc.  Prfl.  p.  xvii. 
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t  is  a  curious  example  of  the  difterence  of  national 
intellectual    character,  that  the    manifest   inconsis- 
tencies  of  the  prevalent  systems,  which  led  in  Ger- 
znany,  as  we  shall  see,  to  hold  and  sweeping  attempts 
at  reform,  produced  in  England  a  sort  of  contemp- 
tuous despair  "ith  regard  to  systems  in  general ; — ■ 
n  belief  that  no  one  couid  be  consistent  or  useful ; — 
^nd  a  persuasion  that  the  only  valuable  knowledge 
is  the  accumulation  of  particular  facts.     This  is  not 
the  place  to  explain  how  erroneous  and  unphiloso- 
jihical  such  au  opinion  is.     But  we  may  notice  that 
-while  such  a  temper  prevails  among  us,  our  plare  in 
^^^us  science  can  never  he  found  in  advance  of  that 
^^^nition  which  wo  are  now  considering  as  exempU- 
^^^t)d   in  the  period  of  Werner  and  Ilaiiy.     80  long 
as  wo  entertain  such  views  respecting  the  objects  of 
mineralogy,  we  can  have  no  share  in  the  fortunes  of 
the  succeeding  period  of  its  history,  to  which  I  now 
proceed. 
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CHAPTER  IX. 
AtTEM  ITS  AT   THE  REFORM    OF  MiNERALOGICAL  SyS 

TEXs. — Separation  of  the  Chemical  and  Nati^^ 
RAL  History  Methods. 


jScv/-  1 . — Xatural  Ilhfon/  Sj/stem  of  Mohs. 

The  chemical  principle  of  classification,  if  pursued-J 
at  random*  as  in  the  cases  just  spoken  of,  leads  to 
results  at  which  a  philosophical  spirit  revolts;  it 
separates  iridelr  substances  which  are  not  dis- 
tinguishable :  joins  together  bodies  the  most  dissi- 
milar :  and  in  hardly  any  instance  brings  any  truth 
into  view.  The  vices  of  classifications  like  that  of 
Hatty*  could  not  long  be  concealed ;  but  even  before 
time  had  ex|>osed  the  weakness  of  his  system,  Haiiy 
himself  had  pointed  out,  clearly  and  without  re- 
serve \  that  a  chemical  system  is  only  one  side  of  the 
subject,  and  supj>oses,  as  its  counterpart,  a  science 
of  external  characters.  In  the  mean  time,  the  Wer- 
nerians  ^vro  lHHH>ming  more  and  more  in  love  with 
the  form  which  they  had  given  to  such  a  science. 
Indeed,  the  exj^rtness  which  Werner  and  his  scho- 
lars acquiretl  in  the  use  of  external  characters,  justi- 
HihI  m>we  juuptiality  for  them.  It  is  related  of  him", 
that,  by  k>oktii|g  ^^  ^  yiece  of  iron-ore,  and  poising 

«  Hm'  Ki»  IMacv.  PieL  '  Friach.  Werner's  Lebcn,  p.  78. 
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1  his  hand,  he  was  able  to  tell,  almost  precisely, 
the  proportion  of  pure  metal  which  it  contained- 
And  in  the  last  year  of  his  life",  he  had  marked  out, 
aa  the  employment  of  the  ensuing  winter,  the  study 
of  the  system  of  Berzelius,  with  a  view  to  find  out 
the  laws  of  combination  as  disclosed  by  external 
characters.  In  the  same  spirit,  his  pupil  Breithaupt' 
attempted  to  discover  the  ingredients  of  minerals 
by  their  peculiarities  of  crystallization.  The  per- 
suasion that  there  must  be  some  connexion  between 
composition  and  properties,  transformed  itself,  in 
their  minds,  into  a  beUef  that  they  could  seize  the 
nature  of  the  connexion  by  a  sort  of  instinct. 

This  opinion  of  the  independency  of  the  science 
of  external  characters,  and  of  its  sufficiency  for  its 
own  object,  at  last  assumed  its  complete  form  in  the 
bold  attempt  to  construct  a  system  which  should 
borrow  nothing  from  chemistry.     Tliis  attempt  was 
made  by  Frederick  Mohs,  who  had  been  the  pupil 
^^^rf  Werner,  and  was  afterwards  his  successor  in  the 
^^Ktfiool  of  Freiberg;    and    who,    by   the   acute  and 
^^^■othodical  character  of  his    intellect,   and   by  his 
^^^Kiniate  knowledge  of  minerals,  was  worthy  of  his 
^^^■edecessor.     Rejecting  altogether   all  divisions  of 
^^^rhich  the  import  was  chemical,  Mohs  turned  for  guid- 
ance, or  at  least  for  the  light  of  analogy,  to  botany. 
His  object  was  to  constnict  a  Natural  System  of  mine- 
^\niat  the  conditions  and  advantages  of  a 
Kural  system  of  any  province  of  nature  are,  we  must 
felay  to  explain  till  we  have  before  us  in  botany  a 
'  Frisch.S.  '  Dresdn.  Auswahl,  vol,  iv.^.QT. 
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nKirelaminrjcuexaiiipleot^aciia^faeiiie.  Batfinther, 
in  oiiiieraIo?T.  as  in  bocanr.  b<sidei  ihe  mtunl  sjs- 
tem,  br  whkh  we  form  oar  cla^sek  it  is  necesmry  to 
have  an  ^  rtiicial  SjfUem.  hr  wfaich ve  reeognise  them; 
—A  principle  which,  we  have  seen,  had  already  taken 
root  in  the  «chool  of  Freiber?.     Sach  an  artificial 
fljstem  Moh.«  produced  in  his  ^  Characteristic  of  the 
Mineral  Kingdom,"  which  was  published  at  Dresden 
in    1820;   and,  though   extending  only  to   a   few 
jiageiH  excited  a  strong  interest  in  Germany,  where 
men's  minds  were  prepared  to  interpret  the  full  im- 
port of  such  a  woiic.     Some  of  the  traits  of  such  a 
^^  characteristic^  had,  indeed,  been  previously  drawn 
by  others ;  as  for  example,  by  Hauy,  who  notices 
that  each   of  his  classes  has  peculiar  characters. 
For  instance,  his  first  class  (acidiferous  substances,) 
alono   |>os8CHses  these  combinations  of  properties: 
—<li vision  into  a  regular  octohedron,  iiithout  being 
able  to  scratch   glass;   specific  gravity  above  3*6, 
without  licing  able  to  scratch  glass.     The  extension 
of    Hiicli  characters   into  a  scheme   which    should 
vxhaiiHt  thu  whole  mineral  kingdom,  was  the  under- 
taking of  Mohs. 

Such  a  collection  of  marks  of  classes,  implied  a 
classification  previously  established,  and  accordingly, 
Mohs  liad  created  his  own  mineral  system.  His 
aim  was  to  create  it,  as  wc  shall  hereafter  see  that 
othor  natural  systems  are  constructed,  by  taking  into 
account  all  the  resemblances  and  difierences  of  the 
olyoots  classified.  It  is  obvious  that  to  execute 
such  a  work,  implied  a  most  intimate  and  universal 
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acquaintance  with  minerals; — a  power  of  combining 
ia  one  vivid  survey  the  whole  mineral  kingdom.  To 
iUustrate  the  spirit  in  which  Professor  Mohs  per- 
formed his  task,  I  hope  I  may  be  allowed  to  refer  to 
my  own  intercourse  with  him.  At  an  early  period 
of  my  niiueralogical  studies,  when  the  very  concep- 
tion of  a  natural  system  was  uew  to  me,  he,  with 
great  kindliness  of  temper,  allowed  me  habitually  to 
propose  to  him  the  scruples  which  arose  in  mymiud, 
before  I  could  admit  principles  wliich  appeared  to 
me  then  so  vague  ami  indefinite  ;  and  answered  my 
otgections  with  great  jMitieuce  and  most  instructive 
idMrueSB.  Among  other  difficulties,  I  one  day  pro- 
pounded to  him  this ; — "  You  have  published  a 
TreatiKc  on  Mineralogj-,  in  which  you  iiave  de- 
scribed all  the  important  properties  of  all  known 
minerals.  On  your  principles,  then,  It  ought  to  be 
possible,  merely  by  knowing  the  descriptions  in  your 
book,  and  without  seeing  any  minerals,  to  construct 
n  natural  system  ;  and  this  natural  system  ought  to 
tarn  out  identical  with  that  which  you  have  pro- 
duced, by  so  careful  an  examination  of  the  minerals 
ihenist^lves."  Ho  pondered  a  moment,  and  then  he 
aii»%'ored,  "  It  is  true ;  but  what  an  enormous  ima- 
fituiUon  (einhildungskrafi.  power  of  iiucardimagimug,) 
R  man  must  have  for  such  a  work."  Vividness 
Df  conception  of  sensible  properties,  and  the  steady 
iatuitiiin  {ausckautmg)  of  objects,  were  deemed  by 
him,  and  by  the  Wemerian  ttchool  in  general,  to  be 
etnwit  essential  conditions  of  complete  knowledge. 
n  ia  not  necessary  to  describe  Mohs's  system  in 
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il;  it  mar  sufficient  I  v  indicate  its  fonn  to  state 
that  the  following  substances,  such  as  I  before  gave 
as  examples  of  other  arrangements,  calcspar,  gypsuni} 
fluor  spar,  qntite,  heaTv  spar,  are  by  Mobs  termed 
respectivelv,    Rhambohedral    Lime    Haloidej    Gyf9 
Haloidej    Octahedral    Fluor  Haloidey  Rhombohedrd 
Fluor  Haloide^  Prismatic  Hal  Baryte.     These  sub- 
stances are  thus  referred  to  the  Orders  Haloide,  and 
Baryte;  to  Genera  Lime  Haloide,   Fluor   Haloide, 
Hal  Baryte;  and  the  Species  is  an  additional  pa^ 
ticularisation. 

Mobs  not  only  aimed  at  framing  such  a  system, 
but  was  also  ambitious  of  giving  to  all  minerals 
names  which  should  accord  with  the  system.  This 
design  was  too  bold  to  succeed.  It  is  true,  that  a 
now  nomenclature  was  much  needed  in  mineralogy: 
itjs  true,  too,  that  it  was  reasonable  to  expect,  from 
an  improved  classification,  an  improved  nomenclature, 
such  as  had  been  so  happily  obtained  in  botany  by 
the  reform  of  Linnaeus.  But  besides  the  defects  of 
Molis's  system,  ho  had  not  prepared  his  verbal  novel- 
ties with  the  temperance  and  skill  of  the  great 
botanical  reformer.  He  called  upon  mineralogists 
to  change  the  name  of  almost  every  mineral  with 
which  they  were  acquainted ;  and  the  proposed  ap- 
pellations were  mostly  of  a  cumbrous  form,  as  the 
above  examples  may  serve  to  show.  Such  names 
could  have  obtained  general  currency,  only  after  a 
general  and  complete  acceptance  of  the  system ;  and 
the  system  did  not  possess,  in  a  sufficient  d^^ree^ 
that  evidence  which  alone  could  gain  it  a  home  in  the 
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belief  of  pliiloaophers ; — the  coincidence  of  its  results 
with  those  of  Chemistry.  But  before  I  speak  fiaally 
of  tiie  fortunes  of  the  natural-history  system,  I  will  say 
something  of  the  other  attempt  which  was  made  about 
the  same  time  to  introduce  a  reform  into  mineralogy 
from  the  opposite  extremity  of  the  science. 


SkI.  2. — Chemical  System  of  Bcrzeliim  and  others. 

Ip  the  students  of  external  characters  were  satisfied 
of  the  indei>endence  of  their  method,  the  chemical 
UuJysts  were  naturally  no  less  confident  of  the 
Intimate  supremacy  of  their  principles:  and  when 
tie  beginning  of  the  present  century  bad  been 
distinguished  by  the  establishment  of  the  theory  of 
Jcfinite  proportions,  and  by  discoveries  wliich  pointed 
to  the  elect  ro-chemioal  theory,  it  could  not  appear 
['renimption  to  suppose,  that  the  classification  of 
lollies,  so  far  as  it  dej)ended  on  chemistry,  might  be 
presented  in  a  form  more  complete  and  scientific 
than  At  any  previous  time. 

The  attempt  to  do  this  was  made  liy  the  great 
Swedish  chemist  Jacob  Berzelius.  In  1816,  he 
poblished  his  Essaif  to  estabUsk  a  ptireli/  Scientific 
Syttan  of  Minerahfjy,  by  Jiieaiis  of  the  A])pUcation  of 
lie  Eleciro-ckemical  Them-y  and  Uie  Chemical  Doctrine 
^  Definite  Proportions.  It  is  manifest  that,  for 
mittcralH  which  arc  constituted  by  the  law  of  Definite 
Pro|)ortion6,  this  constitution  must  he  a  most  essen- 
tial part  of  tlieir  character.  The  electro-chemical 
Iheoiy  waii  called  in  aid,  in  addition  to  the  comyoaU 
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tion,  I>ecnii9e.  difitinguishing  the  elements  of  all  eonn 
pounds  as  electro-positive  and  electro-negntive,  i 
giving  to  every  clement  a  place  in  a  series.  »i 
by  the  degree  of  these  relations,  it  seemed  to  n 
a  rigorous  and  complete  jmnciple  of  arrangement. 
Accordingly,  Berzelius,  in  liis  I-lrst  System,  armnged 
minerals  according  to  their  electro-positive  element^  ■ 
and  the  elements  accordiug  to  their  electro^ositiTftl 
rank :  and  sn]»jtosed  that  he  had  thus  removed  aUj 
that  vKn  arbitrary  and  vague  in  the  previous  chemioalfl 
sygtems  of  minoralogj-. 

Though  the  attempt  appeared  so  well  justified  ( 
the  state  of  chemical  science,  and  was  so  plausilll 
in  its  principle,  it  was  not  long  before  events  show 
that  there  was  some  fallacy  in  these  ejiecioi 
nppoamnces.  In  1820,  Mitscherlich  discovert 
isomorjihisni :  it  appeared  that  bodies  with  vi 
diffrrent  electro-positive  elements  could  not  bo  i 
tinguished  :  it  \rt\x  impossible,  therefore,  to  put  the 
in  distant  portions  of  the  chissificatioo ; — the  1 
system  of  Berzelius  crumbled  to  ]>ieccs. 

But  Berzelius  did  iiot  so  easily  resign  his  projecL 
With  the  most  unhesitating  confession  of  his  i 
fiiiUire,  but  M-ith  undaunted  courage,  he  again  | 
himself  to  the  task  of  rebuilding  his  edifice.   Del 
at  the  electro-i)o«itive  position,  he  now  resolved' 
make  a  stand  at  the  electro-negative  element. 
1824,    ho    published    in    the    Tninsactiona    of  ' 
Swedish  Academy,  a  Memoir  On  the  A/femHms  i 
the  Chcmicnl  Mineral  Si/siem,  trhich  nece»sarify/oS 
from  thepropertr/  cj-kif/Jted  %  hojnorphotix  Bodies, 
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rtipiaritifi  each  ntJier  in  given  proportiom.  The  altera- 
tion wae,  in  feet,  an  invoreion  of  the  system,  with 
an  attempt  still  to  preeerve  the  elect ro-c'hemical 
principle  of  arrangement.  Thus,  instead  of  aiTangiDg 
metailic  minerals  according  to  the  metal,  under  iron, 
copper,  &c.,  all  the  sulphuretg  were  classed  together, 
all  the  oxides  together,  all  the  sulphates  together, 
and  so  in  other  respects.  Tliat  such  an  order  was  a 
frrcat  improvement  upon  the  preceding  one,  cannot  be 
doubted  :  but  we  shall  see,  I  think,  tliat  as  a  strict 
scientific  system  it  was  not  successful.  The  discovery 
of  uoDiorphism,  however,  naturally  led  to  such  at> 
tempt*.  Thus  Graelin,  iu  1825,  published  a  mineral 
ByHtcm',  which,  like  that  of  Berzelius,  founded  its 
leading  dietinctionfi  on  the  electro-negative,  or,  as  it 
was  sometimes  termed,  the  formntice  element  of 
bodies ;  and,  besidea  this,  took  account  of  the  num- 
bers of  atoms  or  proportions  which  appear  in  the 
composition  of  the  body,  distinguishing,  for  instance, 
nlicates,  as  simple,  double,  and  so  on,  to  i/uhituple 
ein)  and  sejrtuple  (P&rlsiein).  In  like  manner, 
nskiold  deviled  a  system  resting  ou  the  tsame 
,  taking  into  account  also  the  crystalline  form. 
In  1824,  Beudaiit  published  bis  Traii4  Elemenlaire  de 
Hiniralogie,  in  which  he  professes  to  found  his  ar- 
incnt  on  the  electro-negative  element,  and  on 
e's  circukr  arrangement  of  elementary  sub- 
Such  schemes  exhibit  rather  a  play  of  the 
feculty,  exercising  itself  on  assumed 
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principles,  than  any  attempt  at  the  real  iuter[>rctatia 
of  nature.     Other  euch  pure  chemicul  systeina  i 
have  been  published,  but  it  is  not  necessary  to  4 
cumulate  instances.     I    ]>roceed    to  consider    th| 
result. 


Sect.  3. 


—Faihne  of  the  Attempts  at  Si/stematie\ 
Riform. 


It  may  appear  presumptuous  to  speak  of  the  failure 
of  those  whom,  like  Berzelius  and  Mohs.  wc  acknow- 
ledge as  our  masters,  at  a  period  when,  probabl}^  , 
they  and  some  of  their  admirers  still  hold  them  t 
have   succeederl    in    their  attempt*  to  construct  ^ 
consistent  system.     But  I  conceive  that  my  office  9 
an  historian  requires  me  to  exhibit  the  fortunes  d 
this  science  in  the  most  distinct  form  of  which  tin 
admit,  and  that  I  cannot  evade  the  duty  of  attempti: 
to  seize  the  true  aspect  of  recent  occurrences  in  tl 
world  of  science.     Hence  I  venture  to  speak  of  ti 
failure  of  both  the  attempts  at  framing  a  pure  8cid 
tific    system  of  niineralogj-, — that  founded   on  1 
chemical,  and  that  founded  on  the  natural-history  pri] 
ciple ;  because  it  is  clear  that  they  have  not  obts 
that  which  alone  we  could,  according  to  the  views  bal 
presented,  consider  as  success, — a  coincidence  of  e 
with  the  other.     A  chemical  system  of  armngomea 
which  should  bring  together,  in  all  ca-ses,  the  sub 
stances  which  conic  nearest  each  other  in  cxten 
properties: — a  natural-history  system,  which  sliould  I 
found  to  arrange  bodies  in  complete  accordance  wi| 
their  chemical  constitution : — if  such  systems  exist€ 
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(iiev  might,  with  justice,  claim  to  liave  succeeded. 
ITieir  agreement  would  be  their  verification.  The 
interior  and  the  exterior  system  are  the  type  and  the 
antilyiK*,  and  their  entire  correspondence  would  esta- 
blish the  mode  of  interpretation  beyond  doubt.  But 
unChtng  less  than  this  will  satisfy  the  requisitions  of 
science.  And  when,  therefore,  the  chemical  and  the 
tiatural-historj-  system,  though  evidently,  as  I  conceive, 
tending  towards  each  other,  are  still  far  fi-om  coming 
together,  it  is  impossible  to  allow  that  either  method 
tias  been  successful  in  regard  to  its  proper  object. 

But  we  may,  I  think,  point  out  the  fallacy  of  the 
principle.',  as  well  as  the  imperfection  of  the  results, 
of  both  of  those  methods.  With  regard  to  that  of 
Serzcliiis,  indeed,  the  history  of  the  subject  obviously 
betrays  its  unsoundness.  The  electro-positive  prin- 
ciple was,  in  a  very  short  time  after  its  adoption, 
proved  and  acknowledged  to  be  utterly  untenable : 
what  security  have  we  that  the  electro-negative 
element  is  more  trustworthy  ?  Was  not  the  neces- 
sity of  an  entire  change  of  system,  a  proof  that  the 
ground,  whatever  that  was,  on  which  the  electro- 
chemical principle  was  adopted,  was  an  unfounded 
assumption?  And,  in  fact,  do  we  not  find  that  the 
name  argument  which  was  allowed  to  be  fatal  to  the 
First  System  of  Berzelius,  apphes  in  exactly  the 
game  manner  against  the  Second?  If  the  electro- 
positive elements  be  often  isomorphous,  arc  not  the 
electro-negative  elements  sometimes  isomorphous 
also?  for  instance,  the  arsenic  and  phosphoric  acids. 
But  to  go  further,  what  is  the  ground  on  which  the 
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electro-chemioal  arrangement  is  adopted  ?  GranI 
that  the  electrical  relationa  of  bodies  are  important! 
but  how  do  we  come  to  know  that  they  have  any*'' 
thing  to  da  with  mineralogy  ?  How  does  it  appear 
that  on  them,  principally,  depend  those  extern&l 
properties  which  niinenilogy  must  study?  Horn 
does  it  a])pear  that  because  sulphur  is  the  electi 
negative  part  of  one  body,  and  an  acid  the  electi 
negative  part  of  another,  these  two  elements  simiii 
larly  afTcct  the  compounds?  How  does  it  appeal; 
that  there  is  any  analogy  whatever  in  their  functioi 
We  allow  that  the  conipoBition  must,  in  some  wo^ 
determine  the  classified  place  of  the  mineral, — bll^ 
why  in  lAis  way  ? 

I  do  not  dwell  on  the  remark  which  Berzelii 
himself*  makes  on  Nordenskiold's  system; — that 
assumes  a  perfect  knowledge  of  the  composition  : 
evei-ycase;  althou^rh,  considering  the  usual  discr*^ 
pancies  of  analyses  of  minerals,  this  objection  murt 
make  all  pure  clieniical  systems  useless.  But  1  may  ob* 
serve,  that  mineralogists  have  not  yet  determined  w 
characters  are  sufllciently  fixed  to  determine  a  speciat^ 
of  minerals.  AVe  iiave  seen  that  the  ancient  notion 
of  the  composition  of  a  species,  has  been  unsettled 
by  the  discovery  of  isomorphism.  The  tenet  of  thm 
constancy  of  the  angle  is  rendered  doubtful  by 
of  plesiomorphism.  Tlie  oi)tical  proportiea,  whi< 
are  so  closely  connected  with  the  crystalline,  arc  sti 
80  imperfectly  known,  that  they  al^•  subject  to  chnn] 
which  apjiear  caiiriciona  and  nrbitrarv.  Both 
'  JaliiTS  Bcriclil.  viii.  188. 
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chemical  and  the  optical  mineralogists  have  con- 
stantly, of  late,  found  occasion  to  separate  species 
which  had  been  united,  and  to  bring  together  those 
which  had  been  divided.  Everything  ehowa  that,  in 
this  science,  we  have  our  classification  still  to  begin, 
The  detection  of  that  fixity  of  characters,  on  which 
a  right  establishment  of  species  must  rest,  is  not  yet 
complete,  great  as  the  progress  is  which  we  liave  made, 
by  acquiring  a  knowledge  of  the  laws  of  crystallization 
and  of  definite  chemical  constitution.  Our  ignorance 
may  surprise  us;  but  it  may  diminish  our  aurimse 
to  recollect,  that  the  knowledge  which  we  seek  is 
that  of  the  laws  of  the  physical  constitution  of  all 
bodies  whatever;  for  to  us,  aa  mineralogists,  all 
chemical  compounds  are  minei-als. 

The  defect  of  the  principle  of  the  natural-history 
clawifiers  may  be  thus  stated : — in  studying  the  ex- 
ternal characters  of  bodies,  they  take  for  granted 
that  they  can,  without  any  other  light,  discover  the 
relative  value  and  importance  of  those  characters. 
The  grouping  of  species  into  a  genus,  of  genera  into 
an  order,  according  to  the  method  of  this  scliool,  pro- 
ceeds by  no  definite  rules,  but  by  a  latent  talent  of 
appreciation, — a  sort  of  clats^ifying  instinct.  But  this 
course  cannot  reasonably  be  expected  to  lead  to  scien- 
tific truth  ;  for  it  can  hardly  be  hoped,  by  any  one  who 
looks  at  the  general  course  of  science,  that  we  shall 
discover  the  relation  Iietween  external  characters  and 
chemical  composition,  otherwise  than  by  tracing  their 
association  iu  cases  where  both  are  known.  It  is  urged 
that   in  other  classificatory  science?',   iu  botany,  for 
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example,  we  obtain  a  natural  claseificatiou  from  extern 
nal  characters  without  having  recourec  to  any  otiie 
source  of  knowledge.  But  this  is  not  true  in  th( 
sense  here  meant.  In  framing  a  natural  syrtera  o 
botany,  we  have  constantly  before  our  eyes  the  princi- 
ples of  physiology ;  and  we  estimate  the  value  of  the 
characters  of  a  plant  by  their  bearing  on  its  function)*, 
— by  their  place  in  its  organization.  In  an  uuorganio- 
body,  the  chemical  eoustitution  is  the  law  of  ita 
being;  and  we  shall  never  succeed  in  framing 
science  of  such  bodies,  but  by  studiously  directingi 
our  efforts  to  the  interpretation  of  that  law. 

On  these  grounds,  then,  I  conceive,  that  the  bol<L 
attempts  of  Slohs  and  of  Berzelius  to  g^ve  neni 
forms  to  mineralogy,  cannot  be  deemed  successful  ii 
the  mauuer  in  which  their  authors  aspired  to  suc-> 
ceed.  Neither  of  them  can  be  marked  as  a  penua^ 
nent  reformation  of  the  science,  I  tJiaU  not  inquiry 
how  far  they  have  been  accepted  by  men  of  sciencej 
for  I  conceive  that  their  greatest  effect  has  beeu  t* 
point  out  improvements  which  might  be  made  it 
mineralogy  without  going  the  wh(de  length  either  o] 
the  pure  chemical,  or  of  the  /n»'e  natural-history 
system. 

Seel.  4. — Rt'iiirn  to  Mifed  Si/stems  u-Uh 
Improtements. 

In  spite  of  the  efforts  of  the  purists,  mineralogist 
returned  to  mixed  systems  of  classification ;  but 
these  systems  are  much  better  than  they  were  before 
Kuch  efforts  were  made. 
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The  Bccond  system  of  Berzelius,  though  not  te- 
le in  its  rigorous  form,  approaches  far  nearer  than 
previous  system  to  a  complete  character,  bringing 
together  like  substances  in  a  large  portion  of  its  extent. 
The  system  of  Mohs  also,  wliether  or  not  uncon- 
sciously swayed  by  chemical  doctrines,  forms  orders 
which  have  a  cnmmunity  of  chemical  character;  thus, 
the  minerals  of  the  order  haloitfe  are  salts  of  oxides, 
and  those  of  the  orAer  pyrites  are  sulphurets  of  metals. 
Thus  the  two  methods  appear  to  be  converging  to  a 
common  centre;  and  though  we  cannot  follow  cither 
of  them  to  this  jioint  of  union,  we  may  learn  from 
both  in  what  direction  we  are  to  look  for  it.  If  wc 
regard  the  best  of  the  pure  systems  hitherto  devised 
as  indications  of  the  nature  of  that  system,  perfect 
l>oth  as  a  chemical  and  as  a  natural-history  system, 
to  which  a  more  complete  condition  of  mineralogical 
knowledge  may  lead  us.  we  may  obtain,  even  at  pre- 
sent, a  tolerably  good  aj)proximation  to  a  complete 
ctassitication;  and  sucli  a  one,  if  wo  recollect  that  it 
must  1)0  imperfect,  and  is  to  l>e  held  as  provisional 
only,  may  be  of  no  small  value  and  use  to  us. 

The  best  of  the  mixed  systems  produced  by  this 
compromise  again  comes  from  Freiberg,  and  was 
lublished  by  Professor  Naumaun  in  1828.  Most  of 
orders  have  both  a  chemical  character  and  great 
mal  resemblances.  Thus  his  haloides,  divided 
mimctal/ic  and  metaUic,  and  these  again  into 
and  an/ii/dio'/s,  give  good  natural  groups, 
most  difficult  minerals  to  arrange  in  all  systems 
the    siliceous    ones.      These    Naumann    calls 
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sUicides,  and  siibdixides  them  into  metaliie,  unme- 
taUic,  and  /imp&oleric  or  mixed ;  aud  again,  iuta 
hfdroiis  ami  aiiliijdrom.  Such  a  »Tstem  is  Rt  least  a 
good  basis  fur  future  researches;  and  tlibt  is.  as  wa- 
bave  said,  all  tbat  we  con  at  present  hope  for.  And' 
when  WG  recollect  tbat  the  natural-history  principlt 
of  classification  has  begun,  aw  we  have  already  fleen, 
to  make  its  appearance  in  our  treatises  of  cbemiHtrT,' 
ve  cannot  doubt  that  some  progress  is  making 
wards  the  object  which  I  have  pointed  out.  But 
know  not  yet  how  far  we  are  from  the  end.  Th» 
combination  of  chemical,  crystallographical,  phrsicaJ 
and  optical  properties  into  some  lofty  generalisotiMi, 
is  probably  a  triumph  reserved  for  fiitnre  and  distant 
years. 

Condusion. — The  history  of  nlineralog^■.  both  by 
its  successes  and  by  its  failures,  teaclies  ub  this 
lesson; — that  in  Iho  sciences  of  classificatiou,  the 
establishment  of  the  fixity  of  clinnicters,  and  tha 
discover)-  of  such  charaetci-s  as  are  fixed,  are  stepff- 
of  the  first  importance  in  the  progress  of  thera 
sciences.  Tlie  recollection  of  this  maxim  may  aid 
us  in  eliaping  our  conrso  through  the  history  of  other 
■ciences  of  this  kind  ;  in  Mliicb,  from  the  extent  of 
the  subject,  and  the  mass  of  literature  >»elonging  to 
it,  we  might  at  first  almost  despair  of  cutting  tha 
history  into  distinct  epochs  and  periods.  To  tha 
most  prominent  of  such  gciences,  IJotany,  f  now 
proceed. 
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.    .    .    .    Vatem  aspicies  qusB  rape  sub  alU 
Fata  canit,  foliisqne  notas  et  nomioa  xnandat. 
Qiuecnnque  in  foliis  descripnt  carmiiia  virgo 
Digerit  in  numenun  atque  antro  seclnsa  relinquit 
IDa  manent  immota  locis  neqne  ab  ordina  cedunt. 

ViKoiL.    iSfMM^  iiL  443. 


Behold  tbe  Sibyl ! — Her  who  weaves  a  long, 
A  tangled,  full,  yet  sweetly-flowing  song. 
Wondrous  her  skill ;  for  leaf  on  leaf  she  frames 
Unerring  symbols  and  enduring  names; 
And  as  her  nicely-measured  line  she  binds, 
For  leaf  on  leaf  a  fitting  place  she  finds ; 
Their  place  once  found,  no  more  the  leaves  depart, 
But  fixed  rest : — such  is  her  magic  art. 


^''e  now  arrive  at  that  study  wbich  offers  the  most 
Opinus  ami  complete  example  of  the  sciences  of 
lassiHcation,  I  mean  Botany.  And  in  tliis  case,  we 
fcve  before  us  a  branch  of  knowledge  of  which  we 
«y  say,  more  properly  than  of  any  of  the  sciences 
rbich  we  have  reviewed  since  Astronomy,  that  it  has 
1  constantly  advancing,  more  or  less  rapidly,  from 
lie  infancy  of  the  liuman  race  to  the  present  day. 
•ne  of  the  reasons  of  this  resemblance  in  the  for- 
of  two  studies  8o  widely  dissimilar,  is  to  be 
bund  in  a  simplicity  of  principle  which  they  have 
1  common ;  the  ideas  of  likeness  and  difference,  on 
Brhich  the  knowledge  of  plants  depends,  are,  like  the 
deas  of  space  and  time,  which  are  the  foundation  of 
Btronomy,  readily  apprehended  with  clearness  and 
BBcision,  even  without  any  peculiar  culture  of  the 
btellect.  But  another  reason  why,  in  the  history  of 
(otany,  as  in  that  of  astronomy,  the  progress  of 
knowledge  forms  an  unbroken  line  from  the  earliest 
times,  is  precisely  the  great  difference  of  the  kind  of 
aowledge  which  has  been  attained  in  the  two  cases. 
1  astronomy,  the  discovery  of  general  truths  began 
t  an  early  period  of  civilization ;  in  botany,  it  has 
lardly  yet  begun ;  and  thus,  in  eacli  of  these  de- 
:s  of  study,  the  lore  of  the  ancient  is  homo- 
with  that  of  the  modem  times.     T 
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semblance  of  the  fonn  of  their  history  arises  from 
the  diversity  of  their  materials. 

I  shall  not  here  dwell  further  upon  this  subject, 
but  proceed  to  trace  rapidly  the  progress  of  Syste- 
matic Botany^  as  the  classificatory  science  is  usually 
denominated,  when  it  is  requisite  to  distinguish 
between  that  and  Physiological  Botany.  My  own 
imperfect  acquaintance  with  this  study  admonishes 
me  not  to  venture  into  its  details,  further  than  my 
purpose  absolutely  requires.  I  trust  that,  by  taking 
my  views  principally  from  writers  who  are  generally 
allowed  to  possess  the  best  insight  into  the  science, 
I  may  be  able  to  draw  the  larger  features  of  its 
history  with  tolerable  correctness ;  and  if  I  succeed 
in  this,  I  shall  attain  an  object  of  great  importance 
in  my  general  scheme. 


Imaoinaby  Knowledge  of  Plants. 


and 
whd 


The  apprehension  of  such  differences  and    resem- 

blances  as  those  by  which  we  group  together  and 

discriminate  the  various  kinds  of  plants  and  animals, 

and  the  appropriation  of  words  to  mark  and  convey 

resulting  notions,  must  be  presupposed,  as  essen- 

to  the  very  beginning  of  human  knowledge.     In 

whatever  maimer  we  imagine  man  to  bo  placed  on 

the  earth  by  his  Creator,  these  ]>rocesse8  must  be 

conceived  to  be,  as  our  Scriptures  represent  them, 

temporaneous  with  the  first  exertion  of  reason, 

id  the  first  use  of  speech.     If  we  were  to  indulge 

ourselves  in  framing  a  Iiypothetical  account  of  the 

ori^n  of  language,  we  should  probably  assume  as 

•the  firat-formed  words,  those  which  depend  on  the 

Qsihle  likeness  or  unlikeness  of  objects ;  and  should 

ige    as   of  subsetjnent  formation,   those  terms 

which  imply,  in  the  mind,  acts  of  wider  combination 

and  higher  alisti-action.     At  any  rate,  it  is  certain 

that  the  names  of  tlie  kinds  of  vegetables  and  ani- 

malB  are  very  abundant  even  in  the  most  uncivilized 

stages  of  man's  career.     Thus  we  are  informed'  that 

the    iiJiabitants   of  New   Zealand  have  a  distinct 

name  of  every  tree  and   i)lant  in  their  island,  of 
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whfcb  tbrrre  are  six  or  seTen  hnivireil  or  more  dif- 
f#;rr;rit  kinrK  In  the  accounts  of  the  rudest  tribes, 
in  tbe  fOkfileHt  le^^ds,  poetrr.  and  literature  of 
tmiionn^  pinon  and  oakn,  roses  and  Tiolets,  the  c^Te 
and  the  vine^  and  the  thousand  other  productions 
of  i\w  earth,  have  a  place,  and  are  spoken  of  in  a 
manner  which  assumes,  that  in  such  kinds  of  natural 
uhjiietHf  [permanent  and  infallible  distinctions  had 
b<N)n  olM4erved  and  universallj  recognised. 

Vor  a  long  period,  it  was  not  suspected  that  any 
ambiguity  or  confusion  could  arise  from  the  use  ci 
nxivh  tenns ;  and  when  such  inconveniences  did  occur, 
(on  oven  in  early  times  they  did,)  men  were  &r  from 
divining  that  the  proper  remedy  was  the  construc- 
tion of  a  science  of  classification.  The  loose  and 
inHccuro  tonus  of  the  language  of  coumion  life  ra- 
tal n(Ml  their  place  in  botany,  long  after  their  defects 
wore  Movcroly  felt:  for  instance,  the  vague  and 
uriHcientific  <liMtinction  of  vegetables  into  treesy  shrubs^ 
and  he)*bst  kept  its  ground  till  the  time  of  Linnaeus. 

While  it  was  thus  imagined  that  the  identification 
of  a  i>lttnt,  by  moans  of  its  name,  might  properly  be 
tnifltod  to  the  common  uncultured  faculties  of  the 
mind,  and  to  what  we  may  call  the  instinct  of  language, 
all  the  attention  and  study  which  were  bestowed  on 
such  objects,  were  naturally  employed  in  learning 
and  thinking  upon  such  circumstances  respecting 
them  as  were  supplied  by  any  of  the  common  chan- 
nels through  which  knowledge  and  opinion  flow  into 
men*8  minds. 

The  reader  need  hardly  be  reminded  that  in  the 
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rlier  periods  of  man's  mental  culture,  he  aoquirea 
tliose  opiniona  on  which  he  loves  to  dwell,  not  by 
the  exercise  of  observation  subordinate  to  reason ; 
but,  far  more,  by  hia  fancy  and  his  emotions,  his  love 
of  the  marvellous,  his  hopes  and  fears.     It  cannot 
surprise  us,  therefore,   that  the   earliest   lore   con- 
cerning plants  which  we  discover  in  the  records  of 
the  past,  consists  of  mythologicil  legends,  marvel- 
1  relations,  and  extraordinary  medicinal  qualities. 
'  the  lively  fancy  of  the  Greeks,  the  Narcissus, 
hich  bends  its  head  over  the  stream,  was  originally 
a  youth  who  in  such  an  attitude  became  enamoured 
of  his  own  beauty:  the  hyacinth",  on  whose  petals 
the    notes  of  grief  were  traced   (a  i,  ai),    recorded 
the   sorrow  of  Apollo  for  the  death  of  his  favourite 
Mj-acinthns:    the  beautiful  lotus  of  India",  which 
floats  with  its  splendid  flower  on  the  surface  of  the 
^^Wator.  ia  the  chosen  seat  of  the  goddess  Lackshmi, 
^Hfte  daughter  of  Ocean'.    In  Egypt,  too',  Osiris  swam 
^^■B  a  lotus-leaf,  and  Harpocratcs  was  cradled  in  one. 
^^■^   lotus-eaters  of  Homer  lost  immediately  their 
^^Bve  of  home.     Every  one  knows  how  easy  it  would 
^^*be  to  accumulate  such  tales  of  wonder  or  religion. 

Those  who  attended  to  the  effects  of  plants,  might 

ducover    in  them   some  medicinal    properties,  and 

Igbt  easily  imagine  more ;  and  when  the  love  of 

'  Li  Hum  murtagoa. 

Ipse  Btios  gemitus  fuliia  inscriliit  et  A  I,  Ai, 

FloB  liabet  insrriptum  funcBtoquc  litcra  ducla  cat,    Ovip, 

*  Kriamhitna  spccios 

I,  Gcscliiclile  .Icr  Bofcrnik,  i.  27-  '   lb.  l  28. 
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the  marvellous  was  addod  to  the  bope  of  health,  i 
is  easy  to  believe  that  men  would  be  very  cretluloiK 
We  uee<l  not  dwell  upon  the  examples  of  this.  I 
Pliny's  Introduction  to  that  boolf  of  his  Natun 
HJBtory  which  treats  of  the  medicinal  virtues  i 
plants,  he  says',  "  Antiquity  was  so  much  strud 
with  the  properties  of  herbs,  that  it  affirmed  thing 
incredible.  Xanthus,  the  historian,  says,  that  a  ram 
killed  by  a  dragon,  will  be  restored  to  life  by  an  he» 
which  he  calls  balhi;  and  that  Thylo,  when  kill^ 
by  a  dragon,  was  recovered  by  the  same  pl^ 
Denjocritus  asserted,  aijd  Tlieojihrastus  believed,  thi 
there  was  an  herb,  at  the  toucli  of  which,  the  wedg 
vhich  the  woodman  had  driven  into  a  treo  W'ouj 
leap  out  again.  Though  we  cannot  credit  the* 
stories,  most  persona  believe  that  almost  apythlq 
might  he  effected  by  means  of  herbs,  if  their  Virtue 
were  fully  known."  How  far  fram  a  reaBonald 
estimate  of  the  reality  of  such  virtues  were 
persons  who  entertained  this  belief,  we  may  judg 
from  the  many  superstitious  observances  whleh  tbi 
associated  with  the  gi^thering  and  using  of  medicin 
plants.  Theophi-astus  speaks  of  these':  "Tliedni| 
sellers  and  the  rhizotomists  (root-cutters)  tell  iis,' 
he  says,  "  sonie  things  which  imiy  be  true,  but  oti 
things  which  arc  merely  ■solemn  quackery*;  tbu 
they  direct  us  to  gather  some  plants,  standing  fxQl 
the  wind,  and  with  our  bodies  anointed;  w 
night,  some  by  day,  some  iMjforo  the  sun  falls  < 


*   HmTint^Moms. 
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So   far    there  luav  be    sometlimg  in    their 

But  others  are  too  fantastical  and  far-fetched. 

I,  perhaps,  not  absurd  to  use  a  prayer  in  plucking 

a  plant;  hut  they  go  further  than  this.     AVe  are  to 

draw  a  sword  three  times  round  the  mandi-agora,  and 

(0  cut  it  looking  to  the  ivest ;  again,  to  dance  round 

it,  and  to  use  obscene  language,  as  they  say  those 

who  sow  cumin  should  utter  blasphemies.    Again, 

fFO  are  to  draw  a  line  round  the  black  hellebore, 

standing  to  the  east  and  praying ;  and  to  avoid  an 

cagte  either  on  the  right  or  on  the  left ;  for  say  they, 

'  if  an  eagle  be  near,  the  cutter  will  die  in  a  year.'  " 

This  extract  may  serve  to  show  the  extent  tq 

which  these  imaginations  were  prevalent,  and  tha 

mauncr  in  whicli  they  were  looked  upon  by  Theo- 

pbputus,  our  first  great  botanical  aiithor.     And  we 

in^y   now    consider  tliat  we    have  given    suflifient 

ntjon  to    these  fables  and    superstitions,  which 

i  no  place  in  the  history  of  the  progress  of  real 

jO'ijrledge,  except  to  show  the  straiige  chaos  of  wild 

8  and  legends  out  of  which  it  had  to  emerge- 

1  to  trace  the  history  of  the  knowledge 


A  STEP  was  made  towards  the  formation  of  the 
Science  of  Plants,  although  undoubtedly  a  slight  on^' 
as  soon  as  men  began  to  collect  information  con-' 
cerning  them  and  their  properties,  from  a  love  and' 
reverence  for  knowledge,  independent  of  the  passioi 
for  the  marvellous  and  the  impulse  of  practiced 
utility.  This  step  was  very  early  made.  Tbo- 
"wisdom"  of  Solomon,  and  the  admiration  whicS 
was  bestowed  upon  it,  prove,  even  at  that  perio^^ 
such  a  working  of  the  speculative  faculty;  and  wd 
are  told,  that  among  other  evidences  of  his  bein^ 
"  wiser  than  all  men,"  "  he  spake  of  trees,  from  thtf 
cedar-tree  that  is  in  Lebanon  even  unto  the  bys90|( 
that  springeth  out  of  the  wall'."  The  father  ( 
history,  Herodotus,  shows  us  that  a  taste  for  natur 
history  had,  in  his  time,  found  a  place  in  the  mim 
of  the  Greeks.  In  speaking  of  the  luxuriant  vege§ 
tation  of  the  Babylonian  plain',  ho  is  so  far  fron^ 
desiring  to  astonish  merely,  that  he  says,  "  the  blade* 
of  wheat  and  barley  are  full  four  fingers  wide;  bat 
as  to  the  size  of  the  trees  which  grow  from  millef 
and  sesame,  though  I  coyld  mention  it,  I  will  not 
knowing  well  that  those  who  have  not  been  In  thatj! 


'  1  Kings  It.  33. 


'  Herod.,  i.  193. 


intry  will  hardly  believe  what  I  have  said  already." 
He  then  proceeds  to  describe  some  remarkable  cir- 
cunistanoes  respecting  the  fertilization  of  the  date- 
Ims  in  Assyria. 

'This  curious  and  active  spirit  of  the  Greeks  led 
idly,  as  we  have  seen  in  other  instances,  to  at- 
tempts at  collecting  and  systematizing  knowledge 
on  almost  every  subject:  and  in  this,  as  in  almost 
every  other  department,  Aristotle  may  be  fixed 
upon,  as  the  reitresentative  of  the  highest  stage  of 
knowledge  and  system  which  they  ever  attained. 
The  vegetable  kingdom,  like  every  other  province  of 
nature,  was  one  of  the  fields  of  the  labours  of  this 
universal  philosopher.  But  thougii  his  other  works 
on  natural  history  have  come  down  to  us,  and  are  a 
most  valuable  monument  of  the  state  of  such  know- 
ledge in  his  time,  his  Treatise  on  Plants  is  lost. 
The  book  "  De  Plantis,"  which  apjiears  with  his 
name,  is  an  imposture  of  the  middle  ages,  full  of 
errors  and  absurdities'. 

disciple,  friend,  and  successor,  Theophrastus 
isos,  is,  as  we  have  said  already,  the  first  great 
iter  on  botany  whose  works  we  possess ;  and,  as 
way  be  said  in  most  cases  of  the  first  great  writer, 
he  offers  to  us  a  richer  store  of  genuine  knowledge 
and  good  sense  than  all  his  successors.  But  we  find 
ill  him  that  the  Greeks  of  his  time,  who  aspired,  as 
have  said,  to  collect  and  systematize  a  body  of 
,tion  on  every  subject,  failed  in  one  half  of 
pr  object,  as  far  as  related  to  the  vegetable  world. 
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Their  Attempts  at  a  ftj-stematie  distribution  of  plai 
were  altogether  futile;  although  Aristotle's  diTisioll 
of  the  animal  kingilora  are.  cTen  nt  tins  ilav.  loolee 
upon  with  admiration  bv  the  best  naturalists, 
ftrtangeitlehts  and  conip*irison3  of  plailts  ^liicll  i 
emitrivefl  hy  Thoophrastus  and  his  suceessors,  hSI 
not  left  the  slightest  trftce  in  the  inodern  fomi  of  i\i 
Rciehce;  and,  therefore,  according  to  om-  plan,  are  * 
no  importance  in  our  hisforTi     And  thtw  we 
treat  all  the  (niscellaneons  information  cmicerhiS 
vegetables  whicli  wag  accmrtulated  br  the  whole  i 
this  sehonl  of  writers,  in  no  othfcf  way  than  aS  e 
thing  antecedent  to  the  first  progress  toirards  e 
Uatlt  knowledge. 

The  liiforitiation  tllus  collected  hj  tlie  (insystemafc 
Writers  is  of  rarious  kinds ;  and  relates  to  the  ecot* 
ifiicil  and  medicinal  iiSCB  of  plants,  their  habits,  tilo^ 
of  cultivation,  and  many  other  circ'ura stances :  it  fH 
queiltl)'  iiieludes  some  description ;  but  this  is  alW^ 
extremely  imperfect,  because  the  essential  eonditioi 
6f  description  had  not  been  disctfvered.  Of  trbri 
dbnlposed  of  materials  so  heterogeneous,  it  ciu  be  i 
Uttte  iiee  to  produce  specbneTls;  but  I  rtiaj  qilbte 
feW  words  from  Theophrftsttis,  which  may  sefv^  i 
tonrifetit  him  with  the  future  history  of  the  sCl^nd 
as  beafing  upon  one  of  the  tnanv  pl^oblems  rcsjjfectjf 
the  identification  of  ancient  aiiil  Inodern  plants. 
Was  made  a  question  whether  the  followiUg  dCsoH 
tlbn  does  not  tetfet  to  the  potato*.  He  is  speaktl 
ot  the  dlflfereftces  of  roots :  "  Sonie  roots,"  h^  Mj 

'  Thcoitli.  i.  II. 
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Still  different  from  those  wliich  have  been 
describee!;  as  that  of  the  amc^id im '  ^\ant:  for  this 
Ijears  fruit  under-grounil  as  well  as  above :  the  fleshy 
part  sends  one  thick  root  deep  into  the  ground,  but 
the  others,  whicli  Ijear  tlie  fruit,  arc  more  slender 
and  hi^fher  u[i,  and  ramified.  It  loves  a  sandy  soil, 
and  has  no  leaf  whatever." 

Tlie  books  of  Aristotle  anil  Theophrastus  soon  took 
the  place  of  the  book  of  nature  in  the  attention  of 

« degenerate  philosophers  who  succeeded  them, 
ory  is  told  by  Straho"  concerning  the  fate  of  the 
ts  of  these  great  naturalists.  In  the  course  of 
Wars  and  changes  which  uccurreil  among  the 
successors  of  Alexander,  the  heirs  of  Theophrastus 
'-tHfeil  to  secure  to  themselves  his  books,  and  those  of 

Rttaater,  by  burying  them  in  the  ground.     There 
matrascripts  suffered  mucli  from  damp  and  worms ; 
A|)blloiiicon.  a  book-collector  of  those  days,  pur- 
led  them,  and    attempted,  in    his  own  Way,  to 
ply    what    time    had    obliterated.      When    Sylla 
inarched  the  Roman  troops  into  Athens,  he  took 
1  possession  of  the  library  of  Apollonicon ;  and  the 
feks  which  it  contained  were  soon  circulated  among 
Itamed    of   Rome  and  Alexandria,  who  were 
'hs  enabled  to  AristotcHze^  on  botany  as  on  othet- 
Bubjeets. 

The  library  collected  by  the  Attalic  kings  of 
PcrgaTmis,  and  the  Alexandrian  Museum,  founded 
and  sup[)orted  by  the    Ptolemies  of  Egypt,  rather 


'  Most  probiibly  ilie  Ararlmin  hypogira.  or  gruund-nUt. 
*  Stnibo,  lib.  xiii.  C.  1,  §  54.  '  HfmrtOrtXipa. 
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fostered  the  commentatorial  spirit  than  promoted  the 
increase  of  any  real  knowledge  of  nature.  Tha 
Romany  in  this  as  in  other  subjects,  were  pntcticalt 
not  speculative.  They  had,  in  the  times  of  their 
national  vigour,  several  writers  on  agriculture,  who 
were  highly  esteemed ;  but  no  author,  till  we  coma 
to  Pliny,  who  dwells  on  the  mere  knowledge  of 
plants.  And  even  in  Pliny  it  is  easy  to  perceive 
that  we  have  before  us  a  writer  who  extracted  his 
information  principally  from  books.  This  remarkable 
man",  in  the  middle  of  a  public  and  active  life, 
campaigns  and  voyages,  contrived  to  accumulate,  bj 
reading  and  study,  an  extraordinary  store  of  know- 
ledge of  all  kinds-  So  unwilling  was  he  to  have  his. 
reading  and  note-making  intcrruptcil,  that,  even 
before  day-break  in  winter,  and  from  his  litter  as  h& 
travelled,  he  was  wont  to  dictate  to  his  amanuensis 
who  was  obliged  to  preserve  his  hand  from  tin 
numbness  which  the  cold  occasioned,  by  the  use  oj 
gloves*. 

It  has  been  ingeniously  observed,  that  we  ma; 
find  traces  in  the  botanical  part  of  his  Natural  Hia 
tory,  of  the  errors  which  this  hurried  and  brokei 
habit  of  study  produced;  and  that  ho  appears 
qnently  to  have  had  books  read  to  him  and  to  havi 
heard  them  amiss".  Tlius,  among  several  oth^ 
instances,  Tlieophrastus  having  said  that  the  plane 
tree  is  in  Italy  rare",  Pliny,  misled  by  the  similaritj 

'  Sprengel,  i.  163.  •  Plin.  Jun.  EpiBt.  3.  6. 

'■  Sprengel,  i.  163. 

"    Thenpli.    iv.    7.  "E*  iiir  yAp  rf  AB/j/^i  TrX^ravar  o«  ^irlf  (Im 
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the  Greek  word  [spainmi,  rare),  says  that  the 
tree  occurs  in  Ital_y  and  Spain".  His  work  has,  with 
great  propriety,  been  called  the  Encjcloj»a;dia  of 
Antiquity;  and,  in  truth,  there  are  few  portions  of 
the  learning  of  the  times  to  which  it  does  not  refer. 
Of  the  thirty-seven  books  of  which  it  consists,  no 
less  than  sixteen  (from  the  twelfth  to  the  twenty- 
seventh)  relate  to  plants.  The  information  which  is 
collected  in  these  books,  is  of  the  most  miscellaneous 
kind ;  and  the  author  admits,  with  little  distinction, 
truth  and  error,  useful  knowledge  and  absurd  fables. 
The  declamatory  style,  and  the  comprehensive  and 
lofty  tone  of  thought  which  we  have  already  spoken 
of  as  characteristic  of  the  Roman  writers,  are  pecu- 
liarly observable  in  him.  The  manner  of  his  death 
ia  well  known:  it  was  occasioned  by  the  eruption 
of  Vesuvius,  a.d.  79,  to  which,  in  his  cnrlosity,  he 
ventured  so  near  as  to  be  suffocated. 

Pliny's  work  acquired  an  almost  unlimited  autho- 
rity, as  one  of  the  standards  of  botanical  knowledge, 
in  the  middle  ages ;  and  even  more  than  his,  that  of 
his  contemporary,  Pedanius  Dioscorides,  of  Anazarbus 
in  Cilicia.  This  work,  written  in  Greek,  is  held 
by  the  best  judges"  to  offer  no  evidence  that  the 
author  observed  for  himself.  Yet  he  says  expressly 
in  hia  Preface,  that  his  love  of  natural,  history,  and 
his  military  life,  have  led  him  into  many  countries, 
in  which  he  has  had  opportunity  to  become  acquainted 

"  Plin.  Nat.  Hist.  xli.  3.     Et  nlia?  (platanos)  fuisae  in  Italia, 
ae  nominatim  HixpaniOy  apud  auctores  inveiutur. 
■•  AIirbel,510. 
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with  the  nature  of  herbs  ami  trees'^  He  speaks  ot 
six  hundred  plants,  biit  ttften  indicates  only  theifr 
names  and  properties,  giving  no  description  by  Whic& 
they  cait  be  identified.  Tlie  main  cause  of  hia  grefifc 
reputation  in  subsequent  times  ^vas,  that  he  e&yt- 
much  of  the  medioiiml  virtues  of  vegetnbles. 

We  come  noiv  to  the  ages  of  darkness  and 
lethargy,  when  the  liabit  of  original  tliought  se&mi 
to  die  away,  as  tlie  talent  of  original  observation  hftd 
done  before.  Cotiinientatoi'S  and  mystics  succeed  t& 
the  philosophical  naturalists  of  bettor  times.  Arift 
though  a  new  race,  altogether  distirict  in  blood  aho 
character  from  the  Greek,  apjtropriates  to  itself  t)A'. 
stores  of  Grecian  learning,  this  movement  does  noft 
as  might  be  expected,  break  the  chains  of  literal'J^ 
setrility.  The  Arabs  bring  to  the  cultivation  rf 
the  eciencfe  of  the  Gt-eeks,  their  oriental  habit  of 
submission,  their  oriental  love  Of  wonder;  and  thil^ 
while  they  swell  tlie  herd  of  commentators  and 
mystics,  they  produce  no  philosopher. 

Yet  the  Arabs  discharged  an  important  functidft 
in  the  history  of  huinan  knowledge",  by  preserViilgj 
and  transmitting  to  itiore  enlightened  times,  tHIl 
iiitellectual  treasures  of  antiquity.  The  uilhappjr 
dissensions  which  took  place  in  the  Christian  chutcH 
had  scattered  these  treasures  over  the  East,  at  ft 
period  much  imteccdeitt  to  the  rise  of  the  Saraciift 
poWer;  In  tlto  fifth  century,  the  adherents  H 
Nestorius,  bishop  of  Constantinople,  were  declaredl 
heretical  by  the  Council  of  Ejihesus  (a.d.  431,)  and 
"  Sprengel,  i.  I3(i,  "  11..  I.  203. 
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HVen  into    exile.     In  this    manner,  many  of  the 

most  learned  and  ingenious  men  of  the  Christian 

world  ivere  removed  to  the  Entihvatcs,  where  they 

fonned  the  Chaldean  ehiirch,  erected  the  celebrated 

Ne?tonan  school  of  i'Jdessa,  and  gave  rise  to  many 

offsets  from  this  in  various  regions.     Already,  in  the 

fifth  century,  Hibas,  Cmnas,  and  ProbuB,  translated 

the  ■writings  of  Aristotle  into  Syriac.    But  the  learned 

Nestorians  paid  an  especial  attention  to  the  art  of 

medicine,  atid  were  the  most  zealous  students  of  the 

works  of  the  Greek  physicians.     At  Djondisabor,  in 

Khnsisitau,  they  became  an  ostensible  medical  school, 

^^^^lio  distributed  academical  honours  as  the  result  of 

^^^BBblic  disputations.     The  califs  of  Bagdad  beard  of 

^^^Bfe  fame  flnd  the  wisdom  of  the  doctors  of  Djondia- 

^^^■Hbr,  summoned  some  6f  them  to  Bagdad,  and  took 

^^HSSasUres  tbr  the  foundation  of  a  school  of  learning 

^^^In  that  city.     Tlie  value  of  tlie  sliill,  the  learning, 

and  tht?  virtues  of  the  Nestorians,  was  so  strongly 

felt,  that  they  were  allowed  by  the  Mohammedans  the 

free  exercise  of  the  Christian  religioli,  and  intrusted 

with    the   conduct  of  the  studies   of  those  of  the 

Mosleniin,  whose    educatioti   was    most    cared   for. 

Tlie    affinity    of  the  Syriac  and    Arabic  languages 

made    the    task   of    instruction    more    easy.      The 

Ne3torian9   tnttislatfed    the   works   of  the   ancients 

mit  of  the  former  into  the  latter  language :  hetice 

(tfffe  are  still  found  Arabic  manuscripts  of  Diosco- 

Ifltt^  trith  Syriac  words  in  the  margin.     Pliny  and 

likewise  assumed  an  Arabic  dress;   and 

were,    m   well    as   Dioscorides,    the   foundation    of 
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instruction  in  all  the  Arabian  academics;  ofvhid 
a  great  ininiber  were  establishecl  thQ>ughoat  thfl 
Saracen  empire,  from  Bokhara  in  the  remotest  ea^ 
to  Marocoo  anil  Cordova  in  the  west.  After  some 
tiuio,  the  Moliainmedans  themselvei^  began  to  translate 
and  extract  from  their  Hjriac  sources ;  and  at  length, 
to  WTite  works  of  their  own.  And  thus  arose  vast 
libraries,  such  as  that  of  Cordova,  which  contained 
250,000  volumes. 

Tlie  Nestoriana  are  stated'*  to  have  first  esta- 
blished among  the  Arabs  those  collections  of  medi- 
cinal substances  {Apothecft),  from  which  our  terra 
Apothecary  is  taken;  and  to  have  written  books 
(Dispeiisatoria)  containing  systematic  instructions  for 
the  employment  of  these  medicaments ;  a  word 
which  long  continued  to  be  applied  in  the  same 
sense,  and  which  we  also  retain,  though  in  a  modified 
apphcation. 

The  directors  of  these  collections  were  supposed 
to  be  intimately  acquainted  with  plants;  and  yet,  in 
truth,  the  knowledge  of  plants  owed  but  little  to^ 
them ;  for  the  Arabic  Dioscorides  was  the  source  and. 
I  standard  of  their  knowledge.  The  flourishing  com- 
merce of  the  Arabians,  their  numerous  and  distant 
journe)'s,  made  them,  no  doubt,  practically  acquainted 
with  the  productions  of  lands  unknown  to  the  Greeks 
and  Romans.  Tlieir  Nestorian  teachers  had  esta- 
blished Christianity  even  as  far  as  China  and  Mala- 
|"bar;  and  their  travellers  mention"  the  camphor  of 
[  Sumatra,  the  aloe-wood  of  Socotra  near  Java,  tlie 
•  Sjirenget,  J.  205.  "  II..  i.  20ti. 
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I  of  China.  But  they  never  learned  the  art  of 
converting  their  practical  into  speculative  know- 
ledge. Tiiey  treat  of  plants  only  in  so  far  as  their 
use  in  medicine  is  concerned",  and  follow  Dios- 
corides  in  the  description,  and  even  in  the  order  of 
the  plants,  except  when  they  arrange  them  according 
to  the  Arabic  alphabet.  With  little  clearness  of 
view,  they  often  mistake  what  they  read";  thus 
when  Dioscorides  eaya  that  ligmticon  grows  on  the 
Apmninc,  a  mountain  not  far  from  the  Alps; 
Avicenna,  misled  by  a  resemblance  of  the  Arabic 
letters,  quotes  him  as  saying  that  the  plant  grows 
on  Akabts,  a  mountain  near  Etji/pt. 

It  is  of  httle  use  to  enumerate  such  writers.  One 
of  the  most  noted  of  them  was  Mesue,  physician  of 
the  Calif  of  Kahirah.  His  work,  which  was  trans- 
lated into  Latin  at  a  later  period,  was  entitled.  On 
Simple  Medicines;  a  title  which  was  common  to 
many  medical  treatises,  from  the  time  of  Galen  in 
the  second  century.  Indeed,  of  this  opposition  of 
simple  and  compound  medicines,  we  still  have  traces 
in  our  language : 


^^^"Where  the  subject  of  our  history  is  so  entirely  at 
a  stand,  it  is  unprofitable  to  dwell  on  a  list  of  names. 
Hie  Arabians,  small  as  their  science  was,  wore  able 


Ho  would  ope  his  leathorn  scrip, 
And  show  me  limplex  of  a  thousand  names, 
Telling  thoic  sirange  and  vigorous  faculties. 

MlLTO.V,  Coi 
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^H  to  instnict  the  Cbristiaus.  Their  writings  wero  trans- 
^^B  latci)  by  learned  Europeans,  for  instaupe,  &liclifu>l 
^^ft  Scot,  and  Coiistantine  of  Africa,  a  Carthaginian  v/hu 
^H  had  lived  forty  years  among  the  i^Jaraccns'",  ^nd  who 
^H  4icd  A.D.  1087-  Among  his  works,  is  a  Treatise, 
^H  J)e  Gradibm,  whicli  coiitaifis  the  AraLiiau  medicinal 
^H  lore.  In  the  thirteenth  p^ntury  occur  Encyclopedias, 
^H  «e  that  of  Albortns  Magni}8i  and  of  Vincent  of 
^HBeanvais;  but  these  contain  no  natural  history 
^^K  except  traditions  and  fables.  Even  the  ancient 
^^  writers  were  altogether  perverted  and  disfigured. 
The  Dioscorides  of  the  middle  ages  varied  umtor 
I  rially  from  ours".     Honks,  merchants,  and  advea- 

■  tqrers  travelled  iar,  but  knowledge  was  little  in- 
creased. Simon  of  Genoa",  ^  writer  on  plants  in  the 
fourteenth  century,  boasts  that  he  perambulated  the 
East  in  order  to  collect  plants.  "Yet  in  bis  Clavit 
Sanotioiih,"  says  a  modern  botanical  writer",  "  we 
'  4i6covcr  no  trace  of  an  acquaintance  with  nature> 
'  Qp  merely  compareti  the  Greek,  Arabic,  and  Lntia 
nam^s  of  plants,  and  gives  their  medicinal  effect 
^  after  his  j>rGdece88or8  ;'* — so  little  true  is  it^  that  the 
'  U8e  of  the  senses  alone  necessarily  leads  to  real 
I  knowledge. 

Though  the  growiug  activity  of  thought  in  Euroj)e, 
I  and  the  revived  acquaintance  with  the  authoi-s  of 
[  Greece  in  their  genuine  form,  were  gradually  dis- 
I  pelling  the  intellectual  clouds  of  the  middle  ages, 
i  yet  during  the  fifteenth  ceutiu^',  botany  makes  no 


"  Sprengcl,  i. 
"  lb.  i.  a41. 


'■  n,.  i.  230. 
'  lb.  ib. 
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n>ncb  to  a  scieptific  form.  The  greater  part  of  the 
pature  of  this  subject  consisted  of  Ilurlials,  all  of 
cb  wem  formed  on  the  tiamc  ]dan,  and  appeared 
under  titles  such  as  Ilortus,  or  Ortiis  Saniiatis. 
There  are,  for  exauiple,  three"  such  German  Ilcr- 
ljal»,  with  wood-cuts,  which  date  about  1490.  But 
&n  important  peculiarity  in  these  works  is,  that  they 
contain  some  indigenous  species  placed  side  by  side 
Vrith  the  old  ones.  In  1516,  The  Grete  Ilerbal  was 
«|blishcd  in  England,  also  with  wood-cuts.  It  con- 
|p8  an  account  of  more  than  four  hundred  vege- 
Ues,  and  their  products;  of  Mhich  one  hundred 
,  fifty  are  Enghsli,  and  are  no  way  distinguished 
the  exotics  by  the  mode  in  which  they  are 
lerted  in  the  work. 
IWe  shall  see,  in  the  next  Chapter,  that  when  the 
lellect  of  Europe  began  really  to  apply  iteelf  to  the 
icrv&tiou  of  nature,  the  progress  towards  genuine 
•.  man  began  to  be  visible,  in  this  as  in  other 
{(jects;  but  before  i]i\»  tendency  could  o])erate 
}fi\y,  the  history  of  botany  was  destined  to  show,  in 
|0ther  instance,  how  much  more  grateful  to  man, 
I  when  roused  to  intelUgence  and  activity,  is  the 
idy  of  tradition  titan  the  study  of  nature.  ^Vlleu 
9  acliolars  of  Europe  had  become  acquainted  with 
I  genuine  works  of  the  ancients  in  the  original 
[uages,  the  pleasure  and  admiration  which  they 
led  them  to  the  most  zealous  endeavours  to 
Ititrate  and  apply  wliat  they  read.     They  fell  into 

"  Aut'>>lurg,  una.     Maiu/,  \m.     Lubcot,  1492. 
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error  of  supposin,^  that  the  plants  described  by 

ophrastiis,    Dioscorides.    Pliny,    must    !«    those 

which  grew  in  their  own  fields.     And  thus  Ruel- 

liu9'\  a  French  jihysician,  who  only  travelled  iu  the 

snvirons  of  Paris  and  in  Picardy,  imajrined  that  he 

found  there  the  plants  of  Italy  and  Greece.     The 

originators  of  genuine  botany  in  Germany,  BrunfcU 

and    Tragus,    committed    the    same   mistake:     and 

hence  arose  the  misapplicatiou  of  classical  names  to 

lany  genera.     The  labours  of  many  other  learned 

len  took  the  same  direction,  of  treating  the  aacient 

[■fcriters  a"*  if  they  alone  were  the  sources  of  know- 

[ge  and  truth. 

But  the  philosophical  spirit  of  Europe  was  already 

lo  vigorous  to  allow  this  superstitious  erudition  to 

aercise  a  lasting  eway.     Leonicenus,  who  taught  at 

'errara  till  he  was  almost  a  hundred  years  old,  and 

lied  in   1524",  disputed,  with  great  freedom,   the 

authority  of  the  Arabian  writers,  and  even  of  Pliny. 

He  saw,  and  showed  by  many  examples,  how  little 

Pliny  himself  knew  of  nature,  and  how  many  errors 

had  made  or  transmitted.     The  same  indepen- 

ince  of  thought  with  regard  to  otlier  ancient  writers, 

was  manifested  by  other  scholars.     Yet  the  power 

of  ancient   authority   melted   away  but   gradually. 

Thus  Antonius  Brasavola,  who  established  ou  the 

iks  of  the  Po  the  first  botanical  garden  of  modem 

I,  published  in  1536,  his  £.ra!/ien  ammum  simpli- 

lum  Afedicamentorum  ;  and,  as  Cuviersays",  though 

"  De  Nutura  Stirpiuni,  1536. 
'  Sprengcl,  l  252.  "  Hist,  ilcs  Sc.  Nat.  ii.  169 


P'Studicd  plants  in  nature,  his  book  (wTitten  in  tlie 
Platonic  form  of  dialogue,)  has  still  the  character  of 
a  commentary  on  the  ancients. 

The  Germans  appear  to  have  been  the  first  to 
Uberato  themselves  fi-om  this  thraldom,  and  to 
publish  works  founded  mainly  on  actual  observation. 
Tlie  first  of  the  botanists  who  had  this  great  merit 
is  Otho  Brunfels  of  Mentz,  wliose  work,  Herbaiiim 
Vivar  Icones,  appeared  in  1530.  It  consists  of  two 
volumes  in  foHo.  with  wood-cuts;  and  in  1532,  a 
German  edition  was  published.  The  plants  which 
it  contains  are  given  without  any  arrangement,  and 
thus  he  belongs  to  the  period  of  unsystematic  know- 
ledge. Yet  the  progres-s  towards  the  formation  of  a 
*^tem  manifested  itself  so  immediately  in  the  series 
of  German  botanists  to  which  ho  belongs,  that  we 
might  with  almost  equal  propriety  transfer  him  to 
the  history  of  that  progress ;  to  which  we  now  pru- 
c«ed. 
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CHAPTER  m. 

Formation  of  a  System  of  Arrangement  op 

Plants. 


Sect  1. — Prelude  to  the  Epoch  of  Ccesalpinus. 

The  arrangement  of  plants  in  the  eaiiiest  works  was 
either  arbitrary,  or  according  to  their  use,  or  some 
other  extraneous  circumstance,  as  in  Pliny.  This, 
and  the  division  of  vegetables  by  Dioscorides  into 
aromaticy  alhnentart/y  medicinal^  vinousy  is,  as  will  be 
easily  seen,  a  merely  casual  distribution.  The 
Arabian  writers,  and  those  of  the  middle  ages, 
showed  still  more  clearly  their  insensibility  to  the 
nature  of  system,  by  adopting  an  alphabetical 
arrangement ;  which  was  employed  also  in  the  Her- 
bals  of  the  sixteenth  century.  Brunfels,  as  we  have 
said,  adopted  no  principle  of  order:  nor  did  his 
successor,  Fuchs.  Yet  tlie  latter  writer  urged  his 
countrymen  to  put  aside  their  Arabian  and  barbarous 
Latin  doctors,  and  to  observe  the  vegetable  kingdom 
for  themselves ;  and  himself  set  the  example  of  doing 
this,  examined  plants  with  zeal  and  accuracy,  and 
made  above  fifteen  hundred  drawings  of  them ». 
The  difficulty  of  representing  plants  in  any  useful 

^  IIU  llialorltt  SUrpium  was  published  at  Basil  in  1542. 
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iray  by  meanB  oF  drawings,  18  greater,  perhaps,  than 
it  at  first  appears.     So  long  as  no  distinction  was 
made  of  the  importance  of  different  organs  of  the 
phint,  a  picture  representing  merely    the   obvious 
genetal  appearance  and  larger  parts,  was  of  compa- 
ratively ttmall  vahie.    Hence  we  are  not  to  wonder 
at  the  slighting  manner  iu  which  Pliny  speaks  of 
cuch  records.      "  Those  who  gave  such  pictures  of 
ylants,"  he  says,  "  C'rateuas,  Dionysius,  Metrodorus, 
^Jbto  shown  notliing  clearly,  except  the  difSculty  of 
^Bkdr  undertaking.     A  picture  may  be  mistaken,  and 
^^Pdmnged   and,  disfigured  by  copyists ;  and,  with- 
out tliesc  imperfections,  it  is  not  enough  to  repre- 
^Mnt  the  pknt  in  one  state,  since  it  has  four  different 
tcts  in  the  fonr  seasons  of  the  year." 
te  diffnsion  of  the  habit  of  exact  drawing,  espe- 
IT  among  the  countrymen  of  Albert  Durer  and 
9  Cranach,  and  the  invention  of  wood-cuts  and 
ler-plates,    remedied    eomo     of    these    defects. 
Borenver,  the  conviction  gradually  arose  in  men's 
minds  that  the  structure  of  the  flower  and  the  fruit 
I  the  most  important  circumstances  in  fixing  the 
Wty  of  the  plant.      Theo]>hrastus  speaks  with 
Kon   of  the   organs   which   he   describes,    but 
!  arc  principally  the  leaves,  roots,  and  stems, 
s  the  term  apices  for  the  anthers,  hiulqltima 
B  bloesoni  of  grasses,  thus  s!lo^ring  that  he  had 
1  these  parte  as  generally  present. 
J  next  writer  whom  we  have  to  mention,  we 
»  traces  of  a  perception  of  the  real  rosem- 
lofjplauts  beginning  to  appear.  It  is  imposfdble 


to  explain  the  progress  of  such  ■vie\T8  without 
assuming  in  the  reader  some  aequaintance  with 
I  plants;  but  a  very  few  words  may  suffice  to  convey 
6  the  requisite  notions.  Even  in  the  plants  which 
t  most  commonly  come  in  our  way,  we  may  perceive 
instances  of  the  resemblances  of  which  we  speak. 
Thus  mint,  maijoram,  Imsil,  sage,  lavender,  thyinc^ 
dead-nettle,  and  many  other  plants,  have  a  tabular 
flower,  of  which  the  mouth  is  divided  into  two  lip&{ 
hence  they  are  formed  into  a  family,  and  ten 
Labiatte.  Again,  the  stock,  the  wall-flower,  the 
.  mustard,  the  cress,  the  lady-smock,  the  shejiherd'* 
purse,  have,  among  other  similarities,  their  blossom! 
with  four  petals  arranged  crosswise ;  these  are  ali 
of  the  order  Ci'ticiferfe.  Other  flowers,  apparently 
more  comjilex,  still  reseml)le  each  other,  as  daisy, 
marigold,  aster,  and  chamomile;  these  belong  t< 
the  order  Composit/e,  And  though  the  members  q 
such  famihes  may  differ  widely  in  their  larger  part 
their  stems  and  leaves,  the  close  study  of  natui 
leads  the  botanist  irresistibly  to  consider  their  rc8eiu> 
blances  as  occupying  a  far  more  important  place  thai 
their  differences.  It  is  the  general  establishment  ( 
this  conyiction  and  its  consequences  which  we  havi 
now  to  follow. 

The  first  writer  in  whom  we  find  the  traces  of  ■ 
I  arrangement  deijcnding  upon  these  uatiu^  i 

blances,  is  Ilieronj-mus  Tragus,    (Jerom   Bock,) 

I  laborious  German  botanist,  who,  in  1561.  published 

a  herbal.      In  this  work,  several    of    the    specifl 

iucladed  in  those  natural  families  to  which  wc  ImM 


Imded*,  as  for  instance,  the  Labiata;,  the  Crucifera*, 
the  Compositjp,  are  for  the  most  part  brouglit 
togrether;  and  thus,  although  with  many  mistakes 
as  to  such  connexions,  a  new  principle  of  order  is 
introduced  into  the  subject. 

In  pursuing  the  developement  of  such  principles 
of  natural  order,  it  is  necessary  to  recollect  that  the 
principles  lead  to  an  assemblage  of  di^^sions  and 
jrroups.    successively  subordinate  the  lower  to  the 
iiig^er,  like  the  brigades,  regiments,  and  companies 
of  an  army,  or  the  provinces,  townships,  and  parishes 
<if  a    kingdom.      Species    are   included  iu  Genera, 
Cienera  in  Families  or  Orders,  and  Orders  in  Classes. 
TTie  perception  that  there  is  some  connexion  among 
"the  species  of  plants,  was  the  first  essential  step ;  the 
*ietection  of  different  marks  and  characters  which 
should  give,  on  the  one  hand,  limited  groups,  on  the 
other,  comprehensive  divisions,  were  other  highly- 
important  parts  of  this  advance.     To  point  out  every 
successive  movement  in  this  progress  would  he  a 
task  of  extreme  difficulty,  but  we  may  note,  as  the 
most  prominent  portions  of  it,  the  establishment  of 
the  groups  which  immediately  include  species,  that 
is,  (he  foiiiuUion  of  genei'a ;  and  the  invention  of  a 
method  which  should  distribute  into  consistent  and 
distinct  divisions  the  whole  vegetable  kingdom,  that 
is,  the  cmisiruction  of  a  ST/shtn. 

To  the  second  of  these  two  steps  we  have  no  dif- 
ficulty in  assigning  its  proper  author.  It  belongs 
to  Cicsalpinus,  and  marks  the  first  great  epoch  of 
*  SpreDgel,  1.  270. 
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this  science.  It  is  less  easy  to  stato  to  A^liat 
botanist  is  due  the  establishment  of  genera;  yet 
we  may  justly  assign  the  greater  i)art  of  the  merit 
of  this  invention,  as  is  usually  done,  to  Conrad 
Gessner  of  Zurich.  This  eminent  naturalist,  after 
publishing  his  great  work  on  animals,  died'  of  the 
plague  in  16G5,  at  the  age  of  forty-nine,  while  he 
was  pre])aring  to  publish  a  History  of  Plants,  a  sequel 
to  his  History  of  Animals.  The  fate  of  the  work 
thus  loft  incomplete  was  remarkable.  It  fell  into 
the  hands  of  his  pupil,  Gaspard  Wolf,  who  was  to 
have  published  it,  but  wanting  leisure  for  the  office, 
sold  it  to  Joachim  Camerarius,  a  physician  and 
botanist  of  Nuremberg,  who  made  use  of  the  engrav- 
ings prepared  by  Gessner,  in  an  Epitome  which  ho 
published  in  1586.  The  text  of  Gessner's  work, 
after  passing  through  various  hands,  >vas  published 
in  1754  under  the  title  of  (jessncri  Opa^a  Botanica 
per  duo  stecula  desiderata^  cJj-c,  but  is  very  incom- 
plete. 

The  incomplete  state  in  which  Gessner  left  his 
botanical  labours  makes  it  necessary  to  seek  the 
evidence  of  his  jwculiar  views  in  scattered  passages 
of  his  correspondence  and  other  works.  One  of  Ids 
great  merits  was,  that  he'  saw  the  peculiar  import- 
ance of  the  flower  and  fruit  as  aifording  the  charac- 
ters by  M'hich  the  affinities  of  plants  were  to  be 
detected;  and  that  he  urged  this  view  upon  his 
contemporaries.     His  plates  present  to  us>  by  the 

'  Cuvier,  Lc^ns  sur  Tllist.  des  Sciences  Naturelles,  p.  103. 
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Tide  of  each  plant,  its  flower  and  its  friiit,  carefully 
engraved.  And  in  his  coniniiinications  with  his 
botatiit-al  correspondeuts,  he  repeatedly  iusi^ii  on 
these  parts.  Thus'  in  1565  he  writes  to  Zuinger 
concerning  Bome  forei^  plants  which  the  latter 
possessed :  "  Tell  me  if  your  plants  have  fruit  and 
flower,  as  well  as  stalk  and  leaves,  for  those  are  of 
much  the  greater  consequence.  By  these  three 
marlui, — flower,  fruit,  and  seed, — I  find  that  Saxifraga 
and  Consolida  regalia  are  related  to  aconite."  These 
cliaracters  derived  from  the  fructiJivaHon  (as  the 
aBsemblago .  of  flower  and  fruit  is  called),  are  the 
mcane  by  which  genera  are  established,  and  hence, 
by  the  best  botanists,  Gesener  is  declared  to  be  t!io 

^Jmentor  of  genera'. 

^^^Kie  labours  of  Gessner  in  botany,  both  on  account 

^^^EpUtolffi,  fol.  113  a;  see  also  fol.  C5b. 

'  Hallor,  Biblio.  Botanica,  i,  284,  JlctUodi  BotanicB:  mtio- 
nein  primus  pcrviJit  ;■ — dorcncmpc  et  genera  quo:  jilures  species 
comprchendercnt  et  dosses  qua;  multa  genera.  T.irias  ctiam 
doBGee  natuniles  cxpressit.  CbarucCercm  in  flora  inque  sendno 
|>OSiiit,  &c.     Itauwolfio  Socio  Epbt.  Wolf,  p.  39. 

lAiinicus,  Genera  Plantaruui,  Prof.  xiii.  "  A  fmctificutionc 
plantaa  distinguere  in  genera,  infinitic  aapientiro  placuisse, 
d«texit  posterior  (Etas,  ct  qoiilam  primns,  sicculi  sui  omamen- 
tum,  Conradus  Gcssnerus,  uti  patet  ex  Epistolis  ejus  postrcmis, 
(t  Tabulix  per  Camcrarium  editls." 

Cuvicr  snjs  (Hist,  des  8c.  Nat.  2e  pe.  p.  193),  after  speaking 
lo  ih*  same  effect,  "  11  fit  voir  encore  que  toutea  les  plantea  qui 
ont  des  dcura  et  des  fruits  semblables  sc  resscmblent  par  leurs 
antrcs  formes,  et  eouvenl  aussi  par  leurs  proprietes,  ct  que  quoud 
on  rapprocbe  ces  plantes  on  oblient  (dnsi  unc  classification 
nalurellc."  1  do  not  know  if  he  here  refers  to  any  particular 
iges  of  Gessnei's  works. 
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of  the  unfinished  state  in  which  he  left  the  appUca- 
tion  of  his  principles,  and  on  account  of  the  absence 
of  any  principles  manifestly  applicable  to  the  whole 
extent  of  the  vegetable  kingdom,  can  only  be  conr 
sidered  as  a  prelude  to  the  epoch  in  which  those 
defects  were  supplied.  To  that  eiXKrh  we  now 
proceed. 

Sect  2. — Epoch  of  Ccesalpinm. — Formation  of  a 

St/stem  of  Arrayigement 

If  any  one  were  disposed  to  question  whether 
Natural  History  truly  belongs  to  the  domain  o^ 
Inductive  Science ; — whether  it  is  to  be  prosecuted 
by  the  same  methods,  and  requires  the  same  endow- 
ments of  mind  as  those  M'hich  lead  to  the  successful 
cultivation  of  the  Physical  Sciences, — the  circum- 
stances under  which  Botany  has  made  its  advance 
appear  fitted  to  remove  such  doubts.  The  first 
decided  step  in  this  study  was  merely  the  construc- 
tion of  a  classification  of  its  subjects.  We  shall,  I 
trust,  be  able  to  show  that  such  a  classification  in- 
cludes, in  reality,  the  establishment  of  one  general 
l)riuciple,  and  leads  to  more.  But  without  here 
dwelling  on  this  point,  it  is  worth  notice  that  the 
person  to  whom  we  o^ve  this  classification,  Andreas 
Cffsalpinus  of  Arezzo,  M^as  one  of  the  most  philo- 
sophical men  of  his  time,  profoundly  skilled  in  the 
Aristotelian  lore  which  was  then  esteemed,  yet 
gifted  with  courage  and  sagacity  which  enabled  him 
to  weigh  the  value  of  the  Peripatetic  doctrines,  to 
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leject  wliat  Beemed  ciTor,  and  to  look  onwards  to  a 
l>ettcr  philosophy.  "  How  are  we  to  understand," 
lie  ini(uire8.  "that  we  must  proceed  fronj  uuiversals 
to  particulars  (as  Aristotle  directs),  when  particulars 
are  better  known"  ?"  Yet  lie  treats  the  master  witli 
deference,  aud,  as  has  been  observed\  we  see  iu  his 
great  botanical  work  deep  traces  of  the  best  features 
of  the  Aristotchan  school,  logic  and  method ;  and, 
indeed,  in  this  work  he  frequently  refera  to  his 
Qu«stio7ies  Peripatelic<e.  His  book,  entitted  De 
Planlix,  lilni  xvi.  appeared  at  Florence  in  1583. 
The  aspect  under  which  his  task  presented  itself  to 
his  mind  appeai-s  to  me  to  possess  so  much  interest, 
that  I  Mill  transcribe  a  few  of  his  reflections.  After 
speaking  of  the  splendid  multiplicity  of  the  ])roduc- 
tions  of  nature,  the  confusion  which  has  hitherto 
prevailed  among  ^vritera  ou  plants,  the  growing 
treasures  of  the  botanical  world;  he  adds",  "  In  this 
immense  miJtitude  of  plants,  I  see  that  want  which 
in  most  felt  in  any  other  unordered  crowd ;  if  such 
an  assemblage  bo  not  arranged  into  brigades  like  an 
amiT,  ail  must  be  tumult  and  fluctuation.  And  this 
accordingly  happens  in  the  treatment  of  plants  :  for 
the  mind  ia  overwhelmed  by  the  confused  accumu- 
lation of  things,  and  thus  arises  endless  mistake  and 
atigry  altercation."  He  then  states  his  genera!  view, 
which,  as  we  shall  see,  was  adopted  by  his  succes- 
sors. "  Since  all  science  cflnsists  in  the  collection 
of  eimilar,  aud  the  distinction  of  dissimilar  things ; 

'  QuKstiones  Peripateticic,  (LWil,)  lib.  i.  qujcst.  1. 
r,p.  IBB.  •  Dedicutio.  a  2. 


2S2  HISTORY   OF   BOTANY. 

and  9inco  the  consequence  of  this  is  a  distribution 
into  genera  and  species,  which  are  to  be  natnnl 
classes  governed  by  real  differences,  I  have  attempted 
to  execute  this  task  in  the  whole  range  of  plants;-- 
ut  si  quid  pro  ingonii  mei  tenuitate  in  hujosmodi 
studio  pn^fiH'crini,  ad  communem  utilitatem  pro- 
forani."  Wo  sec  hero  how  clearly  he  claims  for 
himself  the  credit  of  being  the  first  to  execute  this 
task  of  arrangement. 

After  certain  preparatory  si)eculations,  he  says', 
*'  Let  us  now  endeavour  to  mark  the  kinds  of  plants 
bv  essential  circumstances  in  the  fructification."  He 
then  observes,  **  In  the  constitution  of  organs  three 
things  are  mainly  important — ^the  number,  the  posi- 
tion, the  figure."  And  he  then  proceeds  to  exeni' 
plify  this :  "  Some  have  luider  one  flower,  one  seed^ 
as  amt/ffdala^  or  one  scoiWcceptacfey  as  rasa ;  or  two 
^s€e(h\  as  ferularia^  or  two  seed-;vc(y>focfev,  as  nastm^ 
tium ;  or  three,  as  the  tWn/mahnn  kind  have  three 
seeds^  the  hulbacece  three  recepfacles;  or  four,  as 
mamibium,  four  seedsy  siio*  four  receptacles;  or 
more,  as  cicoracetp^  and  acanacece  have  more  seedsy 
pinuSy  more  receptacles^ 

It  will  bo  observed  that  we  have  here  ton  classes 
made  out  by  means  of  number  alone,  added  to  the 
consideration  of  whether  the  seed  is  alone  in  its 
covering,  as  in  a  cherry,  or  contained  with  several 
others,  as  in  a  berry,  pod,  or  capsule.  Several  of 
these  divisions  are,  however,  fiirther  subdivided  ac- 
cording to  other  circumstances,  and  especially  accord- 

•  Lib.  i.  c.  13, 14. 
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ing  as  the  vital  part  of  tho  seed,  which  ho  callod  thn 
Iieart  {cor"),  is  situated  in  tho  upper  or  lower  part 
of  tho  seod.  As  oar  olijoct  here  is  only  to  indicate 
tho  principle  of  the  method  of  CffisnlpinuP,  I  need 
not  fiirtlier  dwell  on  tho  <letailg,  and  Htill  le^s  on  the 
defects  by  which  it  is  disHgiired,  as.  for  instance,  the 
xntion  of  the  old  distinction  of  trees,  shnihs.  and 

)  some  persons  it  may  npjiear  that  this  arbitrary 
ribution  of  the  veget.ible  kingdom,  acenrdiugr  to 
f  number  of  pnrta  of  a  pnrticnlar  kind,  cannot 
■ve  to  be  spoken  of  as  a  great  discovery.  And 
if,  Indeed,  the  distribution  had  been  arbitrarj',  this 
would  have  been  tnio ;  tho  real  merit  of  this  and  of 
etery  other  system  is,  that  while  it  is  artificial  in  its 
form,  it  is  natural  in  its  results.  The  plants  which 
are  nssnciated  by  the  arrangement  of  Crosalpinug,  are 
thiwp  whidi  have  the  closest  resemblances  in  the 
most  efsential  points.  Tluis,  as  Linmrus  says,  though 
tbo  first  in  attempting  to  form  natural  orders,  ho 
ohsenred  as  many  as  tlie  most  successful  of  later 
writers.  Thus  his  Letft/mhia'^  correspond  to  the 
natural  order  Lrgumino.ifp ;  his  genus  Feiidaeeinn" 
to  llie  Unibfllatft- ;  his  Bidbacete^'  to  LUincere;  his 
Ar^hemides^'  to  the  Composifo';  in  like  manner,  the 
Boragineie  M<?  brotiglit  together",  and  tho  Labiattr. 
That  eneh  assemlilages  are  produced  by  the  ajipHcn- 
Uon  of  his  principles,  is  a  sufficient  evidence  that 

I 


'  Corculura  of  Luukeus.  "  lib.  vi, 

llib.  »ii.  "  Lib.  X.  "  Uh.  kH.  "  Lib.  ri. 
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vegetable  world.  If  this  had  not  been  the  case,  the 
mere  application  of  number  or  figure  alone  as  a 
standard  of  arrangement,  would  have  produced  only 
intolerable  anomalies.  If,  for  instance,  Csesalpinus 
had  arranged  plants  by  the  number  of  flowers  on  the 
same  stalk,  he  would  have  separated  individuals  of 
the  same  species;  if  he  had  distributed  them  ac- 
cording to  the  number  of  leaflets  which  compose  the 
leaves,  he  would  have  had  to  place  far  asunder 
different  s])ecies  of  the  same  genus.  Or,  as  he  him- 
self says  '*,  "  If  we  make  one  genus  of  those  which 
have  a  round  root,  as  rapum,  aristolochia,  cyclaminus, 
at  on,  we  shall  separate  from  this  genus  those  which 
most  agree  with  it,  as  napum  and  raphanum,  which 
resemble  rapuni,  and  the  long  aristolochia,  w*liich 
resembles  the  round ;  while  we  shall  join  the  most 
remote  kinds,  for  the  nature  of  cyclaminus  and 
rapum  is  altogether  diverse  in  all  other  respects. 
Or  if  we  attend  to  the  differences  of  stalk,  so  as  to 
make  one  genus  of  tliose  which  have  a  naked  stalk, 
as  the  junci,  cape,  aphacse,  along  with  cicoraceoE), 
violae,  we  shall  still  connect  the  most  unlike  things, 
and  disjoin  the  closest  aflJnities.  And  if  we  note 
the  differences  of  leaves,  or  even  flowers,  we  fall  into 
the  same  difficulty ;  for  many  plants  very  different 
in  kind  have  leaves  very  similar,  as  polygonum  and 
hypericium,  emea  and  sesamois,  apium  and  ranun- 
culus ;  and  plants  of  the  same  genus  have  sometimes 
very  different  leaves,  as  the  several  species  of  ranun- 
culus and  of  lactuca.     Nor  will  colour  or  shape  of 

'*  lib.  i.  cap.  xii.  p.  25. 
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flowers  help  us  better;  for  what  has  vitis  in 
common  with  oenanthe.  except  tlie  resemblance  of 
the  flower?"  He  then  goes  on  to  say,  that  if  wc 
seek  a  too  close  coinciilence  of  all  the  characters  we 
shall  have  no  species;  and  thus  shows  us  that  he 
had  clearly  before  his  view  the  difficulty  which  he 
bad  to  attack,  and  which  it  is  his  glory  to  have  over- 
come, that  of  constructing  natural  orders. 

But  as  the  principles  of  Ctcsalpinus  are  justified, 
on  the  one  hand,  by  their  leading  to  itatural  m-ders, 
they  are  recommended  on  the  other  by  their  pro- 
ducing a  system  which  applies  through  the  whole 
extent  of  the  vegetable  kingdom.  The  parts  from 
which  he  takes  his  characters  must  occur  in  all 
flowering-plants,  for  all  such  plants  have  seeds. 
And  these  seeds,  if  not  very  numerous  for  each 
flower,  will  be  of  a  certain  definite  number  and 
orderly  distribution.  And  thus  every  plant  Mill  fall 
into  oue  part  or  other  of  the  same  system. 

It  is  not  difficult  to  point  out,  in  this  induction  of 
Ctesalpinua,  the  two  elements  which  we  have  so 
otlen  declared  must  occur  in  all  inductive  processes ; 
the  exact  acquaintance  with  facts,  and  the  general 
and  applicable  ideas  by  which  these  facts  are  brought 
together.  Cffisalpinus  'was  no  mere  dealer  in  intel- 
lectual relations  or  learned  traditions,  but  a  laborious 
and  persevering  collector  of  plants  and  of  botanical 
knowledge.  "For  many  years,"  he  says  in  his  dedi- 
cation, "  I  have  been  pursuing  my  researches  in 
Tarious  regions,  habitually  visiting  the  places  in  which 
grew  the  various  kinds  of  herbs,  tilirubs,  and  trees ;  I 
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have  been  assisted  by  the  labours  of  many  fricudJ! 
and  by  gardens  established  for  the  public  beoef 
and  containing  foreign  plants  colleeted  from  th 
most  remote  regions."  H«  hero  reters  to  tJie  fin 
garden  directed  to  the  public  study  of  botany,  ^rliid 
was  that  of  Pisa's  instituted  in  1543,  by  order  o 
the  Grand  Duke  Cosmo  the  First.  The  matuigenieBt 
of  it  was  confided  tirst  to  Lucas  Ghini,  and  after* 
wards  to  CwsalpinuR.  Ho  had  collected  also  an  her» 
barium  of  dried  )ilauts.  which  he  calls  the  mdiment 
of  his  work.  "Tibi  euini,"  he  says,  in  his  dedicatioi 
to  Francis  Medici,  Grand  Duke  of  Etruria,  "apm 
qneni  extat  ejus  rudimentum  ex  plantis  libro  agglt^ 
tinatis  a  mc  compositum."  And,  througboat, 
sjieakriwith  the  most  fhmiliar  and  vivid  acquaintai 
of  the  various  vegetables  which  he  describee. 

But  Cwsalpinus  also  possessed  fixed  and  genera 
views  concerning  the  relation  and  ftmctions  of  th4 
parts  of  plants,  and  ideas  of  symmetry  and  system, 
without  which,  as  wo  see  in  other  botanists  of  hii 
and  succeeding  times,  the  more  accumulation  of  i 
knowledge  of  details  does  not  lead  to  any  adraiid 
in  science.  We  have  already  mentionwl  his  refei* 
ence  to  general  philosophical  principles,  both  of  th» 
Peripatetics  and  of  his  own.  The  first  twelve  chap- 
ters of  bis  work  are  employed  in  explaining  thft 
general  structure  of  j»lants,  and  especially  that  ]>oint 
to  which  he  justly  attaches  so  much  inijiortance,  tiM 
results  of  the  dlifercnt  situation  of  the  rw  or  a 
athitn  of  the  seed.  Ho  shows"  that  if  wo  take  t 
"  Cur.  I87.  "  Lib.  i.  cap.  xii. 
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root,  or  steiu,  or  leaves,  or  blossom,  as  our  guide  in 
classification,  we  sliall  separate  planta  obviously  alike, 
and  approximate  those  wliich  iiave  merely  superficial 
reeemblances.  And  thus  we  see  that  he  had  in  his 
mind  ideas  of  lixcd  resemblance  and  sjTnmetrical 
distribution,  which  he  sedulously  endeavoured  to 
apply  to  plants;  while  his  acquaintance  with  the 
T^getable  kingdom,  enabled  him  to  see  in  wiiat 
manner  they  were  not,  and  in  what  manner  they 
were,  really  applicable- 

The  great  merit  and  originality  of  Cfesalpinus  have 
been  generally  allowed,  by  the  best  of  the  more 
modem  ^vriters  on  botany.  Linnieus  calls  him  one 
of  the  founders  of  the  science ;  "  Primus  vorus  eyste- 
naticus";"  and,  as  if  not  satisfied  with  the  expi-eseion 
of  his  admiration  in  prose,  hangs  a  poetical  garland 
OB  tlie  tomb  of  his  hero ;  the  following  distich  con- 
i  his  remarks : 


QuiGt^uis  hie  estiterit  primos  coQcedet  lionores 
Ipinc  tibi;  primaque  serta  dabit; 


f 

^^B  llmihtr  language  of  praise  has  been  applied  to 
^^Em  by  the  best  botanists  up  to  Cuvier'",  who  justly 
terms  his  book  "a  work  of  genius." 

PcrUa|)8  tlie  great  advance  made  in  this  science 
by  Ctpsidpinus,  is  most  strongly  shown  by  this;  that 
uo  one  ajipeared.  to  follow  the  path  wliicli  he  had 
opened  to  syetcm  and  syinmetr)',  for  neai-Iy  a  century. 
Moreover,  when  tlie  progress  of  this  brunch  of  know- 
lodge  was  resumed,  bis  nest  successor,  Morisou,  did 


not  choose  to  acknowIecSge  that  he  had  borroTired  » 
much  from  so  old  a  writer ;  and  thus,  never  mentioi 
hia  name,  although  lie  takes  advantage  of  hifl  Inboiu 
and  even  transcrilx's  his  words  without  acknowled| 
mcnt,  as  I  shall  show.  The  pati^e  between  tli 
great  invention  of  Ca'salpinus,  and  its  natnral  »iequdf 
the  develoijonient  and  improvement  of  Lis  method) 
ie  so  marked,  that  I  will,  in  order  to  avoid  too  great 
an  interruption  of  chronological  order,  record  some 
of  its  circumstances  in  a  separate  section. 

Sect.  3. — Sitttumary  IntcrnoJ. 
The  method  of  Cfcsalpinus  was  not,  at  first,  general^ 
adopted.  It  had,  indeed,  some  disadvantages;  Em 
ploj'cd  in  drawing  the  boundary-lines  of  the  larga 
divisions  of  the  vegetable  kingdom,  he  had  onutte 
those  smaller  groups,  genera,  wliich  were  both  mo( 
obvious  to  common  botanists,  and  most  convenieol 
in  the  description  and  comjiarison  of  plants.  & 
had  also  neglected  to  give  the  sjTionyms  of  otltei 
authors  for  the  plants  spoken  of  by  him ; 
appendage  to  botanical  descriptions,  which  the  id 
crease  of  botanical  information  and  botanical  boolq 
had  now  rendered  indispensable.  And  thus  it  hapa 
pened,  that  a  work,  which  must  alwaj-s  be  considere 
as  forming  a  great  epoch  in  the  science  to  which  i 
refers,  was  probably  little  read,  and  in  a  short  tim 
could  be  treated  as  if  it  were  quite  forgotten.  ' 

In  the  mean  time,  tlie  scieueo  was  gradually  in 
proved  in  its  details.  Clusius,  or  Charles  de  rEclu 
first  taught  botanists  to  describe  well.    "  Before  him. 


FORMATION    OF   SYSTEMS. 


289 


sajs  Mirbel",  "  the  descriptions  were  ditFuse,  obscure, 
indistinct ;  or  else  concise,  incomplete,  vague.  Clu- 
sius  introduced  exactitude,  jirecision,  neatness,  ele- 
ffanee,  method :  he  says  nothing  superfluous ;  he 
omits  nothing  necessary."  He  travelled  over  great 
part  of  Europe,  and  published  various  works  on  the 
more  rare  of  the  ]tlants  which  he  had  seen.  Among 
aach  plants,  we  may  note  one  now  well  known,  the 
potato ;  which  he  describes  as  being  commonly  used 
in  Italy  in  1586";  thus  throwing  doubt,  at  least,  on 
the  opinion  which  ascribes  the  first  introduction  of  it 
into  Europe  to  Sir  Walter  Raleigh,  on  his  return  from 
Virginia,  about  the  same  period.  As  serving  to 
illustrate,  both  this  point,  and  the  descriptive  style 
of  Clusius,  I  quote,  in  a  note,  Ms  description  of  the 
flower  of  this  plant". 


"  Phjaiol,  Veg.  p.  525.     "  Clusius.  Exotic,  iv.  c.  59,  p.  lixijc. 

"  "Piipas  Peruanorum.  Aracliidna,  Theopli.  forte.  Florea 
<^Ipgantes,  uncialis  amplitudinis  aut  majorcs,  angulosl,  singular! 
folio  constantes,  se<l  i[a  complicato  at  quinque  folia  ^screta 
videantur,  colons  esterius  ex  purpura  candicanlis,  interiua 
purpurascentis,  rndiis  quinque  herbaceis  ex  umbilico  stelke 
inatar  prodeuntlbus,  et  totidem  Blaininibus  fluvia  in  umbouem 
coeuntibus." 

lie  sajs  that  the  Ibtlians  do  not  know  whence  they  had  the 
plant,  and  that  they  call  it  Taralauffii.  The  name  potato  was, 
in  England.  previouBly  applied  to  the  sweet  potato  ^ConvolBvlus 
balalai),  which  was  the  aniimon  pololo,  in  distinction  to  the 
Virginian  jiotalo,  at  the  time  of  Gerard's  Herbal.  {Ifi97?)  Ge- 
rald's figures  of  both  plants  are  copied  from  those  of  Clusius. 

It  may  bo  seen  by  the  description  of  Arachidnu  already  quoted 
from  Theophrastus,  (p.  263,)  that  there  is  little  plausibility  in 
Clusius's  conjecture  of  the  plant  being  known  to  the  ancients. 
I  need  not  inform  the  botanist  that  this  opinion  is  untenable. 

VOL.  m. 


Tie  aril.::;::  'A  ex»xie  specie*  to  the  number  of 
ki..»Ti  r'-An:*  «:l?  in-i^^i  z^^ins  on  npidlr  durin; 
iLe  ir.ierril  viioh  ve  ar&  now  eonaderuig.  FrandB 
Hrm&ri'iez.  &  .Sc^^ixiL&rL  vho  Ti^ited  America  towards 
ZLxr  tr.«i  of  ihe  *ixieen:h  oenturr.  collected  and  de- 
<orr'.^  manT  pLui:*  of  that  countrr,  some  of  which 
were  af:rrr«nr»is  T»u>>l:*hed  br  Recchi**.  Bamabil 
CoNx  who  went  a?  a  mis^onair  to  America  in  15d6» 
&!s«3  ileioribed  plants''.  The  Dutch,  among  other 
exvrtiiins  which  they  made  in  their  struggle  with 
the  rvTanny  of  S{<iin.  §ent  out  an  expedition  which, 
for  a  time,  conquered  the  Brazils :  and  among  other 
fruits  of  this  ci>nquest.  they  published  an  account  of 
the  natural  historr  of  the  countrv*.  To  avoid  inte^ 
niptin?  the  connexion  of  such  labours,  I  will  here 
carr^'  them  on  a  little  further  in  the  order  of  time. 
Paul  Ht-nnan.  of  Halle,  in  Saxonv,  went  to  the 
Cape  of  Good  Hope  and  to  Ceylon  ;  and  on  his  re- 
turn, astonished  the  botanists  of  Europe  by  the  vart 
quantity  of  remarkable  plants  which  he  introduced 
to  their  knowledge".  Rheede,  the  Dutch  governor 
of  INIalabar,  onlered  descriptions  and  drawings  to  h^ 
made  of  many  curious  species,  which  were  published 
in  a  large  work  in  twelve  folio  volumes".     Rumphe, 

**  Xova  Plantarum  Regni  Mexicaai  Ilistoria,  Bom.  1651, 
fol. 

'^  8prcngcl,  Gcsch.  der  Dotinik,  ii.  62. 

*«  IliHtoria  Naturalis  Brasilia;,  L.  B.  1648,  fol.  (Piso  and 
Marcgnif.) 

'^  MuHoum  Zcylanicum,  L.  B.  1726. 

"  Ilortus  Multtbariciw,  1670—1703. 
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another  Dutch  consul  at  Aniboyna",  laboured  with 
seal  an<I  success  ujion  the  plants  of  the  Moluccas. 
Some  species  which  occur  in  Madagascar  figured  in 
a  description  of  that  island  comjKised  hy  the  French 
CViinniaudant  Flacourt".  Shortly  afterwards,  Engel- 
bert  Kffmpter",  a  Westphaliau  of  great  acquire- 
mentB  and  undaunted  courage,  visited  Persia.  Arabia 
Felix,  the  Mogul  Enipii-e,  Ceylon,  Bengal,  Sumatra, 
Java,  Siam,  Japan  ;  Wheler  travelled  in  Greece  and 
Adia  Minor ;  and  Slierard,  the  English  consul,  pub- 
lished an  account  of  the  plants  of"  the  neighbour- 
hood of  Smyrna. 

At  the  same  time,  tiie  New  World  excited  also 
the  curiosity  of  botanists.  Hans  Sloane  collected 
the  plants  of  Jamaica ;  .John  Banister  those  of  Vii^ 
ginia;  William  Vernon,  also  an  Englishman,  and 
David  Kriege,  a  Saxon,  those  of  Maryland ;  two 
Frenchmen,  Surian  and  Father  Plumier,  those  of 
Saint  Domingo. 

We  may  add  that  public  botanical  gardens  were 
about  this  time  established  all  over  Europe.  We 
have  already  noticed  the  institution  of  that  of  Pisa 
in  1643;  the  second  was  that  of  Padua  in  1545; 
the  next,  that  of  Florence  in  155G  ;  the  fourth,  that 
of  Bologna,  1568;  that  of  Rome,  in  the  Vatican, 
dates  also  from  1568. 

The  first  transalpine  garden  of  this  kind  arose  at 
Leyden  in  1677 ;  that  of  Leipsic  in  1580.    Heuiy 

"  Hprbariuni  Amboinensc,  Amstenlnm,  1741^-51.  fol. 
"  Disloire  ilc  la  gmude  Isle  Madagascar,  Paris,  1601. 
'  AinoenitotesExcliao,  Lemgov.  1712.    4to. 


the  Fottrth  of  France  esUblblied  ooe  at  JhfootpcUifl 
In  1597-  Several  others  were  instiimetl  in  Geh 
ttODj ;  bat  that  of  Paris  did  not  be^rin  to  exist  tiB 
1^6  ;  tfaM  of  L'ptAl,  afrerwards  so  celebrated,  took 
its  rise  in  1657,  that  of  Anuterdom  iu  1684.  Mad;' 
Mm,  whom  we  dull  soon  hare  to  mentiDn.  calls  h 
Belt  in  1680,  the  firet  director  of  the  Botanical 
Garden  at  Oxford. 

In  the  mean  time,  although  there  apjienred  bo< 
new  srstem  which  commandeil  the  attention  of  tlrt 
botanical  worid,  the  feeling  of  the  imjiortanco  > 
the  affinities  of  plants  liecame  continoally  mm 
strong  and  distinct. 

Lobel,  who  was  botanist  to  Jainei)  the  Fir«t,  at 
who  published  his  "  Stirpiimi  Adversaria  Notu"  « 
1571,  brings  together  the  natural  families  of  plai 
more  distinctly  than  Lis  pre^lecessore,  and  even  di 
tinguishes  {as  Curier  states",)  moiiocotfledonOT 
from  dicotyledonous  plants ;  one  of  the  most  con 
prehensive  dirision-lines  of  botany,  of  which  8U( 
reeding  times  discovered  the  value  more  completed] 
Fabius  Columna",  in  1616,  gave  figuren  of  the  fru* 
tiflcation  of  plants  on  copper,  as  Gessner  had  befi^ 
done  on  wood.  But  the  elder  Bauhin  {John),  noj 
withstanding  all  that  Csesalpinue  bad  done,  retm 
graded,  in  a  work  published  in  1619,  into  the  lc| 
prec'iHu  and  scientific  distinctions  of — trees  wi^ 
nutH  ;  with  berries  ;  with  acorns  ;  with  pods ;  creepii^ 
plants,  gourds,  &c. :  and  no  dear  progress  towards  ' 
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rtem  was  anywhere  visible  among  the  authors  of 
this  period. 

While  this  continued  to  bo  tlie  ease,  and  while 
the  materials,  thus  destitute  of  order,  went  on  accu- 
mulating, it  was  inevitable  that  the  evils  which  Cse- 
salpinus  had  endeavoured  to  remedy,  should  become 
more  and  more  grievous.  "  The  nomenclature  of 
the  subject"  was  in  such  disorder,  it  was  so  impos- 
sible to  determine  with  certainty  the  plants  spoken 
of  by  preceding  writers,  that  thirty  or  forty  different 
botanists  had  given  to  the  same  plant  almost  as  many 
different  names.  Bauhin  called  by  one  appellation, 
a  species  which  Lobel  or  Matthioli  designated  by 
another.  There  was  an  actual  chaos,  a  universal 
conftision,  in  which  it  was  impossible  for  men  to 
find  their  way."  We  can  the  better  understand 
such  a  state  of  things,  from  haring,  in  our  own  time, 
seen  another  claasificatory  science,  mineralogy,  in 
the  verj-  condition  thus  described.  For  such  a  state 
r  confusion  there  is  no  remedy  but  the  establish- 
Alt  of  a  true  system  fif  classification ;  which  by 
Kteal  foundation,  shall  render  a  reason  for  the 
Bof  each  species;  and  which  by  the  fixity  of  its 
'>,  affords  a  basis  for  a  standard  nomenclature, 
i  finally  took  place  in  botany.  But  before  such  a 
remedy  is  obtained,  men  naturally  try  to  alleviate 
tbe  evil  by  tabulating  the  sjTionyms  of  different 
»r8,  aft  far  as  they  are  able  to  do  so.  Tlie  task 
sonstrncting  such  a  S^nont/}nt/  of  botany  at  the 
1  of  which  we  speak,  was  undertaken  by  Gas- 
"  Cut.  213. 
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pani  Bauliin,  tlio  brother  of  Jctllii.  Imt  ninoteeR 
years  yoiuigor.  This  work,  tht'  "  Pinax  Tlieatri 
Botanici,"  um  printed  at  Basil  in  1023.  It  vrts  & 
usoftU  undertaking  at  the  timo ;  hat  t\w  want  of  aojr 
genuine  onler  in  the  "  Pinax"  itself,  rendered  it 
impossible  tliat  it  should  bo  of  great  pomuineirti 
ntUitr. 

After  this  period,  the  progress  of  almost  all  tilt 
Bciences  became  languid  for  a  while ;  and  one  teas 
of  this  interruption  was.  the  wars  and  troubles  whid 
prevailed  over  almost  the  whole  of  Europe, 
quarrels  of  Charles  tho  First  and  his  parliament,  th* 
civil  warSftlie  iisuriiation,  in  England  ;  in  France,  th* 
war  of  the  league,  the  stormy  reign  of  Henry  Ui8 
Fourth,  the  oivil  wars  of  the  minority  of  Louit  ths 
Thirteentli,  the  war  against  the  Protestant!*  aitd  thB 
war  of  the  Fronde,  in  the  minority  of  Louis  tli« 
Fourteenth;  the  bloody  and  destructive  Thir* 
Years'  War  in  Gennany  ;  the  war  of  Spain  with  t 
United  Provinces  and  ^rith  Portugal ; — all  theKe  dd 
agitations  left  men  neither  leisure  nor  disposition  1 
diroct  their  best  thoughts  to  tho  promotion 
eoience.  The  baser  eiiirits  were  hrutallscd;  t! 
-  hotter  were  occupied  by  high  practical  aims  a] 
Btruggles  of  their  moral  nature.  Amid  such  rtnm 
the  intellectual  powers  of  man  could  not  work  vrK 
their  due  calmness,  nor  his  intellectual  objed 
shine  with  their  proper  lustre. 

At  length  a  period  of  greater  tranquillitr  glcama 
forth,  and  the  sciences  soon  expanded  in  the  i 
Cotimy  was  not  inert  amid  this  activity,  ao 
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rapidly  advanced  in  a  new  direction,  tbat  of  physio- 
logy; but  before  we  speak  of  this  portion  of  our 
subject,  we  must  complete  what  we  have  to  say  of  it 
as  a  claesificator}'  science. 

Sect.  4, — Scqttcl  to  the  Epoch  nf  Casalpmus.  Further 
formation  and  Adoption  of  Systematic  AiTangemeiiL 

Soon  afler  the  period  of  which  we  now  speak,  that 
of  the  restoration  of  the  Stuarts  to  the  throne  of 
Kngland,  systematic  arrangements  of  plants  appeared 
in  great  numbers ;  and  in  a  manner  such  as  to  show 
the  minds  of  botanists  had  gradually  been  ri])ening;  for 
this  improvement,  through  the  influence  of  preceding 
writers,  and  the  growing  .icquaintance  with  plants. 
The  person  whose  name  is  usually  placed  first  on 
this  list,  Robert  Morison,  appears  to  mo  to  l)e  much 
lees  meritorious  than  many  of  those  wlio  published 
very  shortly  after  him;  but  I  will  give  liira  the  pre- 
cedeiico  in  my  narrative.  He  was  a  Scotchman, 
who  was  wounded  fighting  on  the  royalist  side  in 
the  civil  wars  of  England.  On  the  triumph  of  the 
republicans,  he  withdrew  to  France,  when  he  be- 
came director  of  the  garden  of  Gaston,  Duke  of 
Orleans,  at  Blois ;  and  there  ho  came  under  the 
notice  of  our  Charles  the  Second ;  who,  on  his 
restoration,  summoned  Morison  to  England,  where 
he  became  superintendent  of  the  royal  gardens,  and 
also  of  the  botanic  garden  at  Oxford.  In  1669,  he 
published  "  Remarks  on  the  Jlistakes  of  the  two 
Bftuhins,"  in  which  he  proves  that  many  plants  in 
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the  "  Pinax"  are  erroneously  placed,  and  shows  con- 
siderable talent  for  ai)i)reciating  natural  families  and 
genera.     His  great  systematic  work  aj)i)eared  from 
the  University  press  at  Oxford  in  1680.  It  contains  a 
system,  but  a  system,  Cuvier  says'"',  which  approaches 
rather  to  a  natural  method  than  to  a  rigorous  distri- 
bution, like  that  of  his  predecessor   Cajsalpinus,  or 
that  of  his  successor  Ray.    Thus  the  herbaceous  plants 
are  divided  into  climbers^  leguminomy  siliqnosey  unicof' 
sulai\  bicapsulavj  tricapsidar^  quadricapsular,  quinque' 
capsul<iry  combined  with  characters  derived  from  the 
number  of  petals.     But  along  with  these  numerical 
elements,  are  introduced  others  of  a  loose  and  het^ 
rogeneous  kind,  for  instance,  the  classification  of  herbs 
as  lactescent  and  emollient.     It  is  not  unreasonable  to 
sav,  that  such  a  scheme  shows  no  talent  for  con — ' 
structing  a  complete  system ;  and  that  the  most  dis-^ 
tinct  i>art  of  it,  that  dependent  on  the  fruit,  wa^ 
probably  borrowed  from  Ca^salpinus.     That  this  i^ 
so,   we    have,   I    think,    strong   proof;    for    thought 
Morison  no  where,  I  believe,  mentions  Ca?salpinus, 
except  in  one  place  in  a  loose  emmieration  of  bota- 
nical writers'",  he  must  have  made  considerable  use 
of  his  work.     For  he  has  introduced  into  his  own 
preface  a  passage  copied  literally''^  from  the  dedica- 
ticm  of  Ca^salpinus ;  which  passage  we  have  already 
quoted  (p.  282,)  beginning, "  Since  all  science  consists 
in  the  collection  of  similar,  and  the  distinction  of 
dissimilar  things."     And  that  the  mention  of  the 
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original  is  not  omitted  by  accident,  appears  from 
this ;  tliat  Morison  appropriates  also  tlic  conclusion 
of  the  passage,  wliicli  lias  a  personal  reference, 
"  Coimfus  sum  id  pr/cstare  in  vnicersa  plantaruni 
hisUma,  lit  si  qtiid  pro  ingenii  tnei  tcnidtale  in 
hajiismodi  studio  profecei-im,  ad  communem  utilita- 
tem  profvrrem"  That  Srorison,  tims,  at  so  long  an 
uiterval  after  tlie  publioiition  of  tlie  work  of  Csesal- 
pinus,  borrowed  from  him  without  acknowledgment, 
and  adopted  his  system  so  as  to  mutilate  it,  proves 
that  he  had  neither  the  temper  nor  the  talent  of  a 
discoverer;  and  justifies  us  withholding  from  him 
the  credit  wliich  belongs  to  those  who,  in  his  time, 
resumed  the  great  undertaking  of  constructing  a 
vegetable  system. 

Among  those  whose  etforts  in  this  way  ha^l  the 
greatest  and  earliest  iuHueuce,  was  undoubtedly  our 
couutrj-man,  John  Ray,  who  was  fellow  of  Trinity 
College,  Camliridge,  at  the  same  time  with  Isaac 
Newton.  But  though  Cu\icr  states"  that  Ray  was 
the  model  of  the  systematists  during  the  whole  of 
the  eighteenth  century,  tlie  Germans  claim  a  part 
of  his  merit  for  one  of  their  countrymen,  Joachim 
jg,  of  Lubeck,  professor  at  Hamburg".  Con- 
ning the  principles  of  this  botanist,  little  was 
pwn  during  his  life.  But  a  manuscript  of  his 
:  was  communicated"  to  Ray  in  IGGO,  and  from 
I  time  forwards,  says  Sprengel,  there   might  be 

p  Lemons  Hist.  Sc.  p.  4f!7.  "  Sprengel,  ii.  27- 

*  Bay  acknowledges  tliis  in  his  Imiex   Plant,  agri  Canlab 
^,  fUid  <iuotP8  from  It  iLe  iltfinilion  of  caulis. 


298  HISTORY   OF   BOTANY. 

noticed  in  the  writings  of  Englishmen,  those  better 
and  clearer  views  to  which  Jung^s  principles  gave 
birth.  Five  years  after  the  death  of  Jung,  his 
Dorascopia  Phjfsica  was  published,  in  1662;  and  in 
1678,  his  Isagoge  Phtftoscopica.  But  neither  of  these 
works  was  ever  much  read ;  and  even  Linnteus, 
whom  few  things  escaped  which  concerned  botany, 
had,  in  1771,  seen  none  of  Jung's  works. 

I  here  pass  over  Jung's  improvements  of  botanical 
language,  and  speak  only  of  those  which  he  is 
asserted  to  have  suggested  in  the  arrangement  of 
plants.  He  examines,  says  Sprengel**,  the  value  of 
characters  of  species,  which,  he  holds,  must  not  be 
taken  from  the  thorns,  nor  from  colour,  taste,  smell, 
medicinal  effects,  time  and  place  of  blossoming. 
He  shows,  in  numerous  examples,  what  plants  must 
be  separated,  though  called  by  a  common  name, 
and  what  must  be  united,  though  their  names  are 
several. 

I  do  not  see  in  this  much  that  interferes  with  the 
originality  of  Ray's  method*',  of  which,  in  conse- 
quence of  the  importance  ascribed  to  it  by  Cuvier, 
as  we  have  already  seen,  I  shall  give  an  account, 
following  that  great  naturalist  *\  I  confine  myself  to 
the  ordinary  plants,  and  omit  the  more  obscure 
vegetables,  as  mifshrooms,  mosses,  ferns,  and  the 
like. 

Such  plants  are  composite  or  simple.    The  composite 

*»  Sprengel,  ii.  29. 

^'  Methodiu  Plantanun  Nora,  1682.  Historta  Plantanun, 
1686.  "*  Cur.  Le^ns  Hist.  Sc.  Nat  488. 
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lowers  are  those  which  contain  many  fiorota  in  the 
same  cal^a-".  Tho9o  are  suhdividetl  ftccoriling  as 
they  are  eomjiosed  altogether  of  complete  florets,  or 
of  half  tloretm,  or  of  a  centre  of  complete  florets, 
Burrournled  by  a  circumference  or  ray  of  demiflorets. 
8nch  are  the  divisions  of  the  cmymbifci-fp,  or  eom- 
iweitcp. 

In  the  simple  flowers,  the  seeds  are  naked,  or  in  a 
pericarp.  Those  with  naked  seeds  are  arranged 
iwcording  to  the  number  of  tlie  seeds,  which  may  be 
one,  two,  three,  four,  or  more.  Tf  there  is  only  one, 
no  subdivision  is  requisite:  if  there  are  two,  Itay 
rnake^  a  subdivision,  according  as  the  flower  hai  five 
petals,  or  a  continuous  corolla.  Here  we  come  to 
Bovera!  natural  families.  Thus,  the  flowers  with  two 
seeds  and  five  petals  are  the  umielli feroits  p\anti*\ 
the  monopetalouH  flowers  with  two  seeds  are  the 
t^UaUe.  lie  founds  the  division  of  four-seeded 
flowers  on  the  circumstance  of  the  leaves  being 
opposite,  or  altcniate ;  and  thus  again,  we  have  the 
natural  families  of  a>'perifolifs,  as  echitim,  &c.,  which 
have  the  leaves  alternate,  and  the  vertiriSattP,  as  saliu'a, 
in  which  the  leaves  arc  opposite.  When  the  flower 
has  more  than  four  seeds,  he  makes  no  subdivision. 

So  much  for  simple  flowers  with  naked  seeds.  In 
those  where  the  seeds  are  surrounded  by  a  perieai'p, 
or  fruit,  this  fruit  is  large,  soft,  and  fleshy,  and  the 
plants  are  pomiferom;  or  it  is  small  and  juicy,  and 
|iUie  fruit  is  a  beiTy,  as  a  gooseberry. 


Q  tcruiiadlogy. 
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If  the  fruit  is  not  juicy,  but  dry^  it  is  multiple  or 
simple.  If  it  be  simple,  we  have  the  leguminm 
plants.  If  it  be  multiple,  the  form  of  the  flower  is 
to  be  attended  to.  The  flower  may  be  monopetulomj 
or  tetrapetaloitSj  or  pentapetalousy  or  Mith  still  more 
divisions.  The  monopetalous  may  be  regular  or  im' 
gidar ;  so  may  the  tetrapetalous.  The  regular  tetrar 
petalous  flowers  are,  for  example,  the  CruciferiBy  as 
stock,  and  cauliflower :  the  irregular,  are  the  papilio- 
7uiceoi(^  plants,  peas,  beans,  and  vetches;  and  thus 
we  again  come  to  natural  families.  The  remaining 
plants  are  divided  in  the  same  way,  into  those  with 
imperfect^  and  those  with  perfecU  flowers.  Those 
with  imperfect  flowers  are  the  grasses^  the  rushes  (junci)^ 
and  the  like ;  among  those  with  perfect  flowers,  are 
the  palmacecTy  and  the  liliacecp. 

We  see  that  the  division  of  plants  is  complete 
as  a  system;  all  flowers  must  belong  to  one  or 
other  of  the  divisions.  Fully  to  explain  the  cha- 
racters and  further  subdivisions  of  these  families, 
would  be  to  write  a  treatise  on  botany;  but  it  is 
easily  seen  that  they  exhaust  the  subject  as  far  as 
they  go. 

Thus  Ray  constructed  his  system  partly  on  the 
fruit  and  partly  on  the  flower;  or  more  properly, 
according  to  the  expression  of  Linnaeus,  comparing 
his  earlier  with  his  later  system,  he  began  by  being 
B,  fructicisty  and  ended  by  being  a  cajvllist^^ 

*^  Raj  was  a  most  industrious  hcrbalizer^  and  I  cannot  under- 
stand on  what  ground  Mirbel  asserts  (Pliys.  Yeg.  t.  ii.  p.  531,) 
that  he  was  better  acquainted  with  books  than  with  plants. 
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As  we  have  said,  a  number  of  systems  of  arrange- 
ment of  plants  were  jiublished  about  this  time,  some 
founiled  on  the  fruit,  some  on  the  corroUa,  some  on 
the  calj'x,  and  these  employed  in  various  ways. 
Bivinus"  (whose  real  name  was  Bachman,)  classified 
by  the  flower  alone;  instead  of  combining  it  with 
the  fruit,  as  Ray  had  done".  He  had  the  further 
merit,  of  l«>ing  the  first  who  rejected  the  old  division, 
of  woody,  and  herbaceous  plants ;  a  division  which, 
though  at  variance  with  any  system  founded  upon 
the  structure  of  the  plant,  was  employed  even  by 
Touniefort,  and  only  finally  expelled  by  Linna>u». 

It  would  throw  little  light  upon  the  history  of 
botany,  especially  for  our  purpose,  to  dwell  on  the 
peculiarities  of  these  transitory  systems.  Linnseus", 
after  his  manner,  has  given  a  classification  of  them. 
Rivinus,  as  we  have  just  seen,  was  a  coroUist,  accord- 
ing to  the  regularity  and  nimiber  of  the  petals; 
Hermann  was  a  fructicist.  Christopher  Knaut" 
adopted  the  system  of  Ray,  but  inverted  the  order 
of  its  parts;  Christian  Knaut  did  nearly  the  same 
^^mth  regard  to  that  of  Rivinus,  taking  number  before 
^^■failarity  in  the  flower'". 

^^Hpf  the  systems  which  prevailed  previous  to  that  of 

^Tminffins,  Tournefort's  was  by  tar  the  most  generally 

accepted.     Joseph   Pitton  de  Tournefort  was  of  a 

ible  family  in  Provence,  and  was  appointed  pro- 


I  festsor  at  tho  Jordin  clu  Roi  in  1683.      IHk  well- 

knnmi  travels  in  the  Levant  are  interG«ting  nn  otliw 

subjects,  as  well  a^  botany.     Ilis  Iiixfiiufio  Jin  Her- 

bariir,  i)ubliHhed  in  1  "00,  contains  Iiis  nietlioil,  wlii«!i 

I  Jr  that  of  a  coruUist.     Ite  is  giiided  by  the  rcgulsritT 

or  irregularity  of  tlio  flowers,  by  their  furm,  and  hj 

the  sitHRtioii  of  tlie  rccc'iitacle  of  the  seeds  below  tie 

calyx,  or  within  it.     Thun  his  clasiies  are — those  hi 

which  the  flowers  are  mnipffni/brm.  or  bcU-shaped; 

,  those  in  which  they  nro  infundibtdifonn,  or  tiinnel- 

1  shaped,  ns  tobacco ;  then  the  irregular  flowers,  as 

the  jtersotialtr,  which  resemble  an  ancient  moek;  the 

I  lalnatT,  with  tlieir  two  lips ;  tho  a-iicifrntu  ;  the  I'osacea, 

with  flowers  like  a  rose ;  tho  mnbenijcrer ;  the  cffry- 

ophi/llete,  as  the  ]>ink ;  tlie  fi/iacctr,  with  six  jietals,  as 

the  tuliji.  narcissus,  hv'acinth,  lily;  \\\e papilimiaeea^ 

'  which  arc  leguminous  plants,  the  flower  of  which 

[  resembles  a  butterfly,  as  pens  and  beans ;  and  finally, 

I  tho  anamaious.  as  violet,  muiturtiinii.  and  others. 

Though  this  system  was  found  to  Iw  attractiTc,  as 
I  depending,  fn  an  evident  wa)',  on  the  most  eouiipi- 
I  ciious  part  of  the  plant,  the  flower,  it  is  easy  to  see 
I  that  it  was  much  less  definite  than  systems  liko  that 
I  of  RivinUB,  Hermann,  and  Ray,  which  were  governed 
I  by  number.  But  Toumefort  succeeded  in  giving  to 
I  tlie  characters  of  fj;ciiera  a  degree  of  rigour  noTcr 
I  before  attained,  and  abstracted  thetn  in  a  aeparatti 
|fonn.  We  have  already  seen  that  the  reception  of 
botanical  systems  lias  depended  much  on  tlieur 
^■rrangement  into  genera. 

Toomefort's  snccens  was  alrto  much  promoted  hy 
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the  author  inserting  in  his  work  a  figure  of  a  flower 
and  fruit  belonging  to  each  genus ;  and  the  figures, 
drawn  by  Aubriet,  were  of  great  merit.  The  study 
of  botany  was  thus  rendered  easy,  for  it  could  be 
learned  by  turning  over  the  leaves  of  a  book.  In 
spite  of  various  defects,  these  advantages  gave  him 
an  ascendency  which  lasted,  from  1700,  when  his 
book  appeared,  for  more  than  half  a  century.  For 
though  Linnaeus  began  to  publish  in  1735,  his 
method  and  his  nomenclature  were  not  generally 
adopted  till  1760. 


304 


CHAPTER  IV. 


The  Reform  of  Linnjeus. 


Sect  1. — Introdtiction  of  the  Reform. 

Although,  perhaps,  no  man  of  science  ever  exercised 
a  greater  sway  than  Linnaeus,  or  had  more  enthusi- 
astic admirers,  the  most  intelligent  botanists  always 
speak  of  him,  not  as  a  great  discoverer,  but  as  a 
judicious  and  strenuous  Reformei'.  Indeed,  in  his 
own  lists  of  botanical  writers,  he  places  himself 
among  the  "  Reformatores ;"  and  it  is  apparent  that 
this  is  the  nature  of  his  real  claim  to  admiration ;  for 
the  doctrine  of  the  sexes  of  plants,  even  if  he  had 
been  the  first  to  establish  it,  was  a  point  of  botanical 
physiology,  a  province  of  the  science  which  no  one 
would  select  as  the  peculiar  field  of  Linnaeus's  glory ; 
and  the  formation  of  a  system  of  arrangement  on 
the  basis  of  this  doctrine,  though  attended  with  many 
advantages,  was  not  an  improvement  of  any  higher 
order  than  those  introduced  by  Ray  and  Tournefort. 
But  as  a  reformer  of  the  state  of  natural  history  in 
his  time,  Linnaeus  was  admirable  for  his  skill,  and 
unparalleled  in  his  success.  And  we  have  already 
seen,  in  the  instance  of  the  reform  of  mineralogy,  as 
attempted  by  Mohs  and  Berzelius,  that  men  of  great 


talents  and  knowledge  may  fail  in  auch  an  under- 
taking. 

It  is,  however,  only  Ijy  mejins  of  tlie  knowlecln^e 
which  he  displays,  and  of  the  beauty  and  convenience 
of  the  improvements  which  he  proposes,  that  any 
one  can  acquire  such  an  influence  as  to  procure  his 
suggestions  to  be  adopted.  And  even  if  original 
circumstances  of  birth  or  position  conid  iuvest  any 
one  with  j)eculiar  prerogatives  and  jjowers  in  the 
republic  of  science,  Karl  Linnc  began  his  career  with 
no  sucJi  advantages.  His  lather  was  a  poor  curate 
in  Smaland,  a  province  of  Sweden ;  his  boyliood  was 
spent  in  poverty  and  privation ;  it  was  with  great 
difficulty  that,  at  the  age  of  twenty-one,  he  contrived 
to  subsist  at  tlie  University  of  Upsal,  whither  a 
strong  passion  for  natural  liistory  hail  urged  him. 
Here,  however,  he  was  so  far  fortunate,  that  Olaus 
Rudbeck,  the  professor  of  botany,  committed  to  him 
the  care  of  the  Botanic  Garden'.  The  perusal  of 
the  works  of  Vaillant  and  Patrick  Blair  suggested 
to  him  the  idea  of  an  arrangement  of  i)lant8,  formed 
upon  the  sexual  organs,  tlie  stamens  and  pistils ; 
and  of  such  an  arrangement  lie  published  a  sketch 
in  1731,  at  the  age  of  twenty-four. 

But  we  must  go  forwards  a  few  years  in  his  hfe, 
to  come  to  the  period  to  which  his  most  important 
works  belong.  University  and  family  quarrels  in- 
duced him  to  travel ;  and,  after  various  changes  of 
scene,  ho  was  settled  in  Holland,  as  the  curator  of 
the  splendid  botanical  garden  of  George  Clifford,  an 
'  Sprengel,  i 
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opulent  banker.  Here  it  was'  that  he  laid  the  foun- 
dation of  his  future  n^reatness.  In  the  two  years  of 
his  residence  at  Harlecanip,  he  published  nine  works. 
The  first,  the  Sj/stema  Natimv^  which  contained  a 
comprehensive  sketch  of  the  whole  domain  of  natural 
history,  excited  general  astonishment,  by  the  acute- 
ness  of  the  observations,  the  happy  talent  of  com- 
bination, and  the  clearness  of  the  systematic  views. 
Such  a  work  could  not  fail  to  procure  considerable 
respect  for  its  author.  His  JImius  Cliffortidams  and 
Musa  Cliffortiana  added  to  this  impression.  The 
weight  which  he  had  thus  acquired,  he  proceeded  to 
use  for  the  improvement  of  botany.  His  Fmidamenta 
Dotanica  and  BiUiotheca  Botanica  appeared  in  1736; 
his  Cnticd  Botanica  and  Genera  Plantarum  in  1737: 
his  Classes  Plantarum  in  1738;  his  Species  Plaiu- 
tarum  was  not  published  till  1753;  and  all  these 
works  appeai'ed  in  many  successive  editions^  materi- 
ally modified. 

This  circulation  of  his  works  showed  that  his 
labours  were  producing  their  eftect.  His  reputation 
grew ;  and  he  was  soon  enabled  to  exert  a  personal, 
as  well  as  a  literary,  influence,  on  students  of  natural 
history.  He  became  Botanist  Royal,  President  of 
the  Academy  of  Sciences  at  Stockholm,  and  Pro- 
fessor in  the  University  of  Upsal ;  and  this  oflfice  he 
held  for  tlurty-six  years  with  unrivalled  credit ;  exer- 
cising, by  means  of  his  lectures,  his  constant  publi- 
cations, and  his  conversation,  an  extraordinary  poww 

'  Sprengel,  ii.  234. 
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f  a  multitude  of  zealous  imturaliats,  belonging  to 
every  part  of  the  world. 

In  order  to  understand  more  cleaily  the  nature 
and  effect  of  tiie  reforms  introduced  by  Liuna^us  into 
botany,  I  shall  cousider  them  under  the  four  fol- 
lowing heads: — Termmolo'j)/,  Nomenclature,  Arlijictqi 
Sj/slein,  and  Natural  Sj/sk-ni- 


Sect.  2. — Linmmn  Reform  of  Botanical  Termindogy. 

It  must  be  recollected  that  I  designate  aa  Ter- 
minology, the  system  of  iaitw  emjdoyed  in  the 
description  of  objects  of  natural  history;  while  by 
Nommdadire,  I  mean  the  collection  of  the  names  of 
species.  The  reform  of  the  descrijitive  part  of  botany 
was  one  of  the  tasks  first  attempted  by  Linnaeus ; 
and  his  terminology  was  the  instrument  by  which 
lu9  other  improvements  were  effected. 

Though  most  readers,  prabably,  entertain,  at  first, 
a  persuasion  that  a.  writer  ought  to  content  himself 
with  the  nee  of  common  words  in  their  common 
sense,  and  feel  a  repugnance  to  technical  terms  and 
arbitrary  rules  of  phraseology,  as  pedantic  and 
troublegome ;  it  is  soon  found,  by  the  student  of  any 
branch  of  science,  that,  without  technical  terms  and 
fixed  rules,  there  can  bo  no  certain  or  progressive 
knowledge.  The  loose  and  infantine  grasp  of  com- 
mon language  cannot  hold  objects  steadily  enough 
for  Bcientilic  examination,  or  lift  them  from  one  stage 
of  generalisation  to  another.  They  must  be  secured 
by  tho  rigid  mechanism  of  a  scientific  phraeeology. 
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I  This  necessity  had  been  felt  in  all  the  sciences,  fpoo 

I  the   earliest  periods    of    their  progress.       But    tllB 

I  conyiction  had  never  been  acted  upon  so  as  to  pro- 

[  duce  a  distinct  and  adequate  descriptive  botanical 

uage.     Jung,  indeed",  had  already  attempted  to 

give  rules  and  precepts  which  should  answer  this 

purpose ;  but  it  was  not  till  the  FundtmicrUa  Botaniea 

appeared,  that  the  science  could  be  said  to  possess 

a  fixed  and  complete  terminology. 

To  give  an  account  of  such  a  terminology,  is,  in 
fcct,  to  give  a  description  of  a  dictionary  and  gram- 
mar, and  therefore  cannot  here  be  done  in  detaiL 
Liunseus's  work  contains  about  a  thousand  terms  on 
which  the  meaning  and  application  are  distinctly 
explained ;  and  rules  are  given,  by  which,  in  the  t 
of  such  terms,  the  botanist  may  avoid  all  obscurity, 
ambiguity,  unnecessary  prolixity  and  complexity,  ani 
even  inelegance  and  barbarism.  Of  course  th» 
greater  part  of  the  M'ords  which  Linna;u8  thus  re^ 
cognised,  had  previously  existed  in  botanical  writers  J 
and  many  of  them  had  been  defined  with  teclmiradi 
precision.  Thus  Jung'  had  already  exjdained  whatt 
was  a  composite,  what  a  pinnate  leaf;  what  kind  of  I 
bunch  of  flowers  is  a  spike,  a  panicle,  an  umbd^  a 
cori/v^,  respectively.  Linnieus  extended  such  i 
tinctious,  rotaiuing  complete  clearness  in  their  eep* 
ration.  Thus,  with  him,  composite  teavea  arO 
iurther  distinguished  as  dit/ilaie,  piimnle, 
,  pale,  pedate,  and  so  on;  pinnate  leaves  are  abrupd^ 
I  BO,  or  with  an  odd  one,  or  wUh  a  tendril ;  they  a 
'  Isagage  P/iylQScopica,  ICTii.  '  Sprtngel,  U.  38. 


mate  opposikty,  (Uternateh/,  inlerruptcdli/t  articu- 
latefy,  decarsively.  Again,  tlie  injlorescetice,  aa  the 
mode  of  assemblage  of  the  flowers  is  called,  may 
ia.  tuft,  (fasciculus,)  a  head,  (capitulum,)  a  cimter, 
»mu8,)  a  fmjick,  (thjTsus,)  a  panicle,  a  spike,  a 
la'H,  (anientuni,)  a  corymb,  an  umbel,  a  cyme,  a 
\  (verticillus.)  And  the  rules  which  he  gives, 
lOgh  often  apparently  arbitrary  anil  needless,  are 
ndt  in  practice,  to  bo  of  great  Ber\'ico  by  their 
and  connexion.  By  the  good  fortune  of 
ing  had  a  teacher  with  so  much  delicacy  of  taste 
Linnxus,  in  a  situation  of  so  much  influence, 
my  possesses  a  descriptive  language  wliich  will 
f  Btand  as  a  model  for  all  other  eubjocts. 
^t  may,  jierhaps,  appear  to  some  persons,  that 
mch  a  terminology  as  we  have  here  described  must 
be  enormously  cumbrous;  and  that,  since  the  terms 
arc  arbitrarily  invested  with  their  meaning,  the  in- 
vention of  them  requires  no  knowledge  of  nature. 
With  respect  to  the  former  doubt,  we  may  observe, 

<X  technical    description  is,  in  reality,  the  only 
leription    which  is  clearly  intelligible;    but  that 
hnical  language   cannot  be   understood  without 
lieiug  learnt  as  any  other  language  is  learnt ;  that  is, 
D  reader  must  connect  the  terms  immediately  with 
1  sensations  and  notions,  and  not  mediately, 
mgh  a  verbal  explanation  ;  he  must  not  have  to 
i  their  meaning,  or  to  discover  it  by  a  separate 
'  interpretation  into  more  familiar  language  as 
J  they  occur.     The  language  of  botany  must 
i  botanist's  most  familiar  tongue.     AVhen  the 
as  thus  learnt  to  timk  in  botouical  i 
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giia<^,  it  is  no  idle  distinction  to  tell  him  that  a 
bunch  of  grapes  is  not  a  cluster ;  tliat  i*=i,  a  thyrsus  not 
a  raceme.  And  the  terminology  of  botany  is  then 
felt  to  be  a  useful  implement,  not  an  o])pressive 
burden.  It  is  only  the  schoolboy  that  coni])lains  of 
the  irksomeness  of  his  jnrommar  and  vocabulary. 
Tlie  accomplished  student  possesses  them  without 
effort  or  inconvenience. 

As  to  the  other  question,  whether  the  construc- 
tion of  sucli  a  botanical  gi'ammar  and  vocabulary 
implies  an  extensive  and  accumte  acquaintance  with 
the  fiicts  of  nature,  no  one  can  doubt  who  is  familiar 
with  any  descriptive  science.  It  is  true,  that  a  per- 
son mhAit  construct  an  arbitmrv  scheme  of  distinc- 
tions  and  appellations,  with  no  attention  to  natural 
ol)jects;  and  tliis  is  wliat  shallow  and  self-confident 
])ersons  often  set  about  doing,  in  some  branch  of 
knowledge  with  whicli  they  arc  imperfectly  ac- 
quainted. But  the  slightest  attempt  to  use  such  a 
phraseology  leads  to  confusion ;  and  any  continued 
use  of  it  leads  to  its  demolition.  Like  a  garment 
which  does  not  fit  us,  if  we  attempt  to  work  in  it 
we  tear  it  in  jncces. 

The  formation  of  a  good  descriptive  language  is, 
in  fact,  an  inductive  process  of  the  same  kind  as 
those  which  we  have  already  noticed  in  the  progress 
of  natural  history.  It  requires  the  dhcorerj/  of  fibred 
cJiarncta\%  which  discovery  is  to  be  marked  and  fixed^ 
like  other  inductive  steps,  by  appropriate  technical 
tei^ms.  Tlic  characters  must  be  so  far  fixed,  that  the 
things  which  they  connect  must  have  a  more  penna- 
JQOnt  and  real  association  than  the  things  which  they 


iinconnpcted.  If  one  Ijunch  of  grapes  were 
really  a  racpmus,  anil  nnother  a  thyrsus,  according  to 
tliu  definition   of  these  tei-ms,  thi«  part  of  the  Lin- 

langiiago  would  Iopo  its  value;  because  it 
III  no  longer  enable  us  to  assert  a  general  propo- 

M-ith  reepect  to  one  kind  of  plants. 

f.  8.— iinnfftw*  Reform  of  Dotaniml  Nrmm- 
clnhtre. 

the  ancient  writers  cacli  rocognisocl  kiud  of  planta 
bad  a  distinct  nanie.     Tlie  establishment  of  genera 
to  the  practice  of  desiguatiiig  species   by  the 
le  of  the  genus,  with  the  addition  of  a  phrase  to 
inguisb  the  species.     ITiese  phrases,  (expressed  in 
Lfttiu  in  the  ablative  case,)  were  such  as  not  only  to 
luark,  but  to  describe  tlie  BjKtcies,  and  were  intended 
i,oontain  such  features  of  the  plant  as  were  suffi- 
to  distinguish  it  from  othcr»  of  the  same  geuus. 
in  this  way  the  deirignation  of  a  plant  often 
ic  a  long   and    incouvenieut    assembLigc    of 
Thus    different    kinds    of    rose    were  de< 
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Uttis,  Rpinis  carcnB,  biflom  (^Rosn  alpina.) 
I'acvtcata,  fuUis  odoratia   euLtus  rubigiuosis  {II,  cg/an- 

ft  Carolina  fragrans,  foliiB  moilio  tcnus  srrratia  (li.  caro- 
asjlTOStris  Tatgnris,  flore  odorato  incaraato  (7(.  canina.) 
I'MfTcrai  others.     The  prolixity  of  these  appella- 
,  thrir  variety  in  every  different  aiithor,  the  in- 
deney  and  confusion  of  the  distinctions  wlilcli 


314  HISTORY    '}'    r'^'T.^VY. 

is  opposo«l  to  the  scientific.  S^r^!-  iir.m»'"=^  woro,  h 
says',  tlio<ie  of  h\<  i^rotk'cos^ori..  an-l  o^j't-cially  of  th^ 
jtifM  ancient  of  them.  IlitlifTt'i  no  rules  had 
licen  ffiven  for  tlieir  ii^e.  lie  manifv^tlv.  at  tliis 
]>crio(l,  has  small  rejranl  fnr  them.  "  Yet/'  he  savs, 
'*  trivial  name>  may,  ])erliap^.  be  ii'^eil  on  this  account, 
— that  the  diflerentia  often  turns  fiut  tno  lunar  to  be 
convenient  in  common  u^e.  and  may  require  change 
as  new  si)ecie'i  are  discovered.  However/'  lie  c<»n- 
tinnes,  *"  in  this  work  we  set  such  names  aside  alto- 
f'ether,  and  attend  onlv  to  the  ditlei'entiiV." 

Even  in  the  Specie-^  PJnufaruw.  the  work  which 
gave  general  currency  to  these  trivial  names  he  does 
not  seem  to  have  yet  dared  to  ]»ropose  st)  great  a 
noveltv.  Thev  onlv  stand  m  the  margin  of  the 
Avork.  "  I  liavc  placed  them  there,"  he  says  in  his 
jireface,  "  that,  without  circumlocution,  we  may  call 
everv  herb  bv  a  single  name ;  I  have  done  this  with- 
out  selection,  which  would  require  more  time.  And 
I  beseech  all  san(»  botanists  to  avoid  most  religiously 
ever  proi)osing  a  trivial  name  without  a  sufficient 
s|)ecific  distinction,  lest  the  science  should  fall  into 
its  former  l)arbarism." 

It  cannot  bo  doubted,  that  the  general  reception 
of  these  trivial  names  of  Linna?us,  as  the  current 
language  among  l)otanists,  was  due,  in  a  very  great 
degi'ce,  to  the  knoM'lodge,  care,  and  skill  with  which 
his  characters,  l)oth  of  genera  and  of  species,  weW 
constructed.    Tlic  rigorous  rules  of  selection  and 

•  Phil.  Bot^  261.  "  lb.  360. 
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expression  which  are  proposed  in  the  Fiindementa 
Botnnica  and  Griiica  Dotanica,  he  himself  confonned 
to ;  and  this  scrupulosity  was  employed  upon  tliQ 
results  of  immense  khonr.  "  In  order  that  I  might 
malcc  myself  acquainted  with  the  species  of  plants," 
he  says,  in  the  preface  to  his  work  upon  them,  "  I 
hftTc  explored  the  Alps  of  Lapland,  the  whole  of 
Sweden,  a  part  of  Nor^^^ly.  Denmark,  Germany, 
Belgfium,  England,  France:  I  have  examined  the 
Botanical  Gardens  of  Paris,  Oxford,  Chelsea,  Harle- 
cam|s  Leyden,  Utrecht,  Amsterdam,  Upsal,  and 
others:  I  have  turned  over  the  Ilcrbnls  of  Burser, 
Hermann,  Clifford,  Burmann,  Oldenland,  Gronovinfl, 
Royer,  Sloane,  SheranI,  Bobart,  Miller,  Toumefort, 
Vaillant,  Jussieii,  Surian,  Beck,  Browni,  he. :  my  dear 
ilisciplce  have  gone  to  distant  lands,  and  sent  me 
plant8  from  thence ;  Kerlen  to  Canada,  Hasselqulst 
to  Eg^pt,  Asbecli  to  China,  Toren  to  Surat,  Solander 
to  England,  Alstroemer  to  Southern  Europe,  Martin 
to  Spitsbergen,  Pontin  to  Malabar,  Koehlcr  to  Italy, 
Forskiihl  to  the  East,  Loefling  to  Spain,  Montin  to 
Lapland :  my  botanical  friends  have  scut  me  many 
seeds  and  dried  plants  from  various  countries: 
La^rstroni  many  from  the  East  Indies,  Gronovjua 
most  of  the  Virginian;  Gmelin  all  the  Siberian; 
Burmaim  those  of  the  Cape."  And  in  consistency 
with  this  habit  of  immense  collection  of  materials,  is 
his  maxim",  that  "  a  person  is  a  better  botanist  in 
proportion  as  he  knows  tnore  species."  It  will  easily 
be  seen  that  this  maxim,  like  Newton's  declaration 
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that  discovery  requires  only  patient  thought,  refers 
only  to  the  exertions  of  which  the  man  of  genius  is 
conscious;  and  leaves  out  of  sight  his  peculiar  endow- 
ments, which  he  does  not  see  because  they  are  part 
of  his  j)ower  of  vision.  With  the  taste  fur  symmetry 
which  dictated  the  Critica  Botanica,  and  the  talent 
for  classification  which  ap]K»ar  in  the  Genera  Plantar 
7'umy  and  the  Si/stema  NaUn\T^  a  person  must  un- 
doubtedly rise  to  higher  steps  of  classificatory  know- 
ledge and  skill,  as  he  became  acquainted  with  a 
greater  number  of  facts. 

The  acknowledged  superiority  of  Linnaeus  in  the 
knowledge  of  the  matter  of  his  science,  induced  other 
persons  to  defer  to  him  in  what  concerned  its  form ; 
especially  when  his  precejits  were,  for  the  most  part* 
recommended  strongly  both  by  convenience  and 
elegance.  The  trivial  names  of  the  Species  Plantarum 
were  generally  receive<l;  and  though  some  of  the 
details  may  have  been  altered,  the  immense  advantage 
of  the  scheme  ensures  its  permanence. 

Sect  4. — Linnmiis  Artificial  System. 

We  have  already  seen,  that,  from  the  time  of  Ca^sal- 
pinus,  botanists  had  been  endeavouring  to  frame  a 
systematic  arrangement  of  plants.  All  such  arrange 
ments  were  necessarily  both  artificial  and  natural : 
they  were  artificial,  inasmuch  as  they  depended  upon 
assumed  principles,  the  number,  form,  and  position 
of  certain  parts,  by  the  application  of  which  the 
whole  vegetable  kingdom  was  imperatively  subdi- 
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Ided ;  they  wero  natural,  iQasmuch  as  tlie  justifica- 
tion of  this  division  was,  that  it  brought  together 
those  plants  which  wore  naturally  related.  No 
item  of  arrangement,  for  instance,  would  have 
■n  tolerated  which  separated  into  distant  parts 
of  the  plan  the  different  species  of  the  same 
genus.  As  far  as  the  genera,  at  least,  all  systems 
are  natural. 

But  beginning  from  this  line,  we  may  construct 

systems  with  two  opposite  purposes,  according 

as  we  endeavour  to  carry  our  assumed  principle  of 

division    rigorously    and    consistently    through    the 

system,  or  as  we  wish  to  associate  natural  families  of 

■wider  kind  than  genera.     The  former  propensity 

Is  to  an  artificial,  the  latter  to  a  natural  method. 

ih  is  a  si/slem  of  plants;    but  in  the  first,  the 

iphasis  is  thrown  on  the  former  word  of  the  title, 

in  the  other,  on  the  latter. 

The  strongest  recommendation  of  an  artificial 
^  ^stem,  (besides  its  approaching  to  a  natural  method,) 
^^B|^  that  it  shall  be  capable  of  easy  use;  for  which 
^^■^mpose,  the  facts  on  which  it  depends  must  be 
^^B^}parent  in  their  relations,  and  universal  in  their 
^^Hlfeccurrence.  Tlie  system  of  Linnccus,  founded  upon 
^*  the  number,  positiou,  and  other  circumstance  of 
the  stamina  and  jiistils,  the  reproductive  organs  of 
the  plauts,  possessed  this  merit  in  an  eminent 
degree,  as  far  as  these  characters  are  concerned ; 
that  is,  as  far  as  the  dosses  and  orders.  In  its  further 
Bubdivision  into  genera,  its  superiority  wa^  mainly 
due  to  the  exact  observation  and  description,  which 
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we  liavo  already  had    to  notico  as  talents  which 
Linnaius  peculiarly  possessed. 

The  Liiinajan  system  of  plants  was  more  definite 
than  that  of  Touruefort,  which  was  governed  by  the 
corolla ;  for  number  is  more  definite  than  form.  It 
was  more  readily  employed  than  any  of  those  which 
depend  on  the  fmit,  for  the  flower  is  a  more  obvious 
object,  and  more  easily  examined.  Still,  it  can 
hardly  be  doubted,  that  the  circumstance  which  gave 
the  main  currency  to  the  system  of  Linnaeus  was,  its 
physiological  signification :  it  was  the  Sej^iml  Sj/siem. 
The  relation  of  the  parts  to  which  it  directed  the 
attention,  interested  both  the  philosophical  faculty 
and  the  imagination.  And  when,  soon  after  the 
system  had  become  familiar  in  our  own  country,  the 
poet  of  T/to  Botanic  Qarden  peopled  the  bell  of 
every  flower  with  *•  Nymphs"  and  "  Swains,"  his 
imagery  was  felt  to  be  by  no  means  forced  and  far- 
fetched. 

The  history  of  the  doctrine  of  the  sexes  of  plants, 
as  a  point  of  ])hysiology,  does  not  belong  to  this 
place ;  and  the  Linnroan  system  of  classification  need 
not  1)0  longer  dwelt  upon  for  our  present  purpose* 
I  will  only  explain  a  little  further  what  has  been 
said,  that  it  is,  up  to  a  certain  point,  a  natural  system. 
Several  of  Linnaeus's  classes  are,  in  a  great  measure^ 
natural  associations,  kept  together  in  violation  of  his 
own  artificial  rule.  Thus  the  class  Diadelphia^  iu 
which,  by  the  system,  the  filaments  of  the  stamina 
should  be  bound  together  in  two  parcels,  does,  in 
&ct,  contain  many  genera  which  are  monadelpJums ; 
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I  fUameuts  of  the  etamina  all  cohering  bo  as  to 
form  one  bundle  only,  r8  iu  Genista,  Spartiuutt 
Ani/ti//lu,  Lnpiiim,  &c.  And  why  is  this  violation 
of  rule  ?  Precisely  hecause  these  genera  all  beloug 
to  the  natural  tribe  of  Papiliouaceoue  ])lanttf,  which 
the  author  of  the  ayatem  could  not  prevail  upon 
himself  to  tear  asunder.  Yet  in  other  cases  Liumcus 
was  true  to  hia  system,  to  the  injury  of  natural 
alliances,  as  ho  was,  fi>r  iuBtauce,  in  another  portion 
of  this  very  tribe  of  PapUionaceie ;  for  there  are 
plants  which  undoubtedly  belong  to  the  trilje,  but 
which  have  ton  separate  ataineus ;  and  these  he 
_Blaced  in  the  order  Dccandrla.  Upon  the  whole, 
"evQT,  lie  inclines  rather  to  admit  transgression  of 

i  than  of  nature, 
■he  reason  of  this  inclination  was,  that  he  rightly 

isidered  an  artificial  method  as  instrumental  to 

9  investigation  of  a  natural  one ;  and  to  this  part 
I  Tiews  ve  now  proceed. 


Wl^ect.  5. — Luinmis's  Views  on  a  Natural  Method. 

1  admirers  of  Liniiseus,  the  EnglisJi  esjiecially, 
)  for  some  time  iu  the  liabit  of  putting  his  sexual 
tem  in  opposition  to  the  natural  method,  which 
about  the  same  time  was  attempted  in  France.  And 
aa  they  often  apjwar  to  have  imagined  that  the 
nate  object  of  botanical  methods  was  to  know 
■  names  of  plants,  they  naturally  preferred  the 
ieh  method,  which  is  excellent  as  &  finder.  No 
ion,  however,  who  wishes  to  know  botany  as  a 
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science,  that  is,  as  a  body  of  general  truths,  can  be  con- 
tent with  making  names  his  ultimate  object.  Such  a 
person  will  be  constantly  and  irresistibly  led  on  to 
attempt  to  catch  sight  of  the  natural  arrangement  of 
plants,  even  before  he  discovers,  as  he  will  discover  by 
pursuing  such  a  course  of  study,  that  the  knowledge 
of  the  natural  arrangement  is  the  knowledge  of  the 
essential  construction  and  vital  mechanism  of  plants, 
lie  will  consider  an  artificial  method  as  a  means  of 
arriving  at  a  natural  method.  Accordingly,  how- 
ever much  some  of  his  followers  may  have  overlooked 
this,  it  is  what  Linnaeus  himself  always  held  and 
taught.  And  though  what  he  executed  with  regard 
to  tliis  object  was  but  little*',  the  distinct  manner 
in  which  he  presented  the  relations  of  an  artificial 
and  natural  method,  may  justly  be  looked  upon  as 
one  of  the  great  improvements  which  he  introduced 
into  the  study  of  his  science. 

Thus  in  the  Classes  Plmitarum^  (1747,)  he  speaks 
of  the  diflficulty  of  the  task  of  discovering  the  natural 
orders,  and  of  the  attempts  made  by  others.  "  Yet,^ 
he  adds,  "  I  too  have  laboured  at  this,  have  done 
something,  have  much  still  to  do,  and  shall  labour 
at  the  object  as  long  as  I  live."  He  afterwards  pro- 
posed sixty-seven  orders,  as  the  fragments  of  a 
natural  method,  always  professing  their  imperfec- 
tion''.    And  in  others  of  his  works**  he  lays  down 

"  The  natural  orders  which  he  proposed  are  a  bare  enume- 
ration of  genera,  and  have  not  been  generally  followed. 

»'  Phil.  Bot  p.  80. 

'^  Genera  Plantarum,  1764.  Sec  Prslect.  in  Ord.  Nat 
p.  xlyiii. 
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I^^H&G  antitlicsos  on  the  subject  after  his  manner. 
"  Thu  natural  orders  tea<-'h  us  the  nature  of  plants ; 
the  artificial  orders  enable  us  to  i-ecognise  plants. 
The  natural  orders,  without  a  key,  do  not  constitute 
a  method ;  the  method  ought  to  be  available  without 
a  master." 

That  extreme  difficulty  must  attend  the  formation 
of  a  natural  na-tliutl,  may  be  seen  from  the  very  in- 
(JeliDitc  nature  of  the  aphorisms  upon  this  subject 
fthich    Linna;us  has  delivered,  and  which  the  best 
iiotamsts    of    succeeding    times    have  assented    to. 
Such  are  these; — the  natural  orders  must  be  formed 
by  attention,  not  to  one  or  two,  hut  to  all  the  parts 
of  plants ; — the  same  organs  are  of  great  importance 
in  regulating  the  divisions  of  one  part  of  the  system, 
and  of  small  importance  in  another  part  "; — the  cha- 
racter docs  not  constitute  the  genus,  but  the  genus 
the  character; — the  character  is  necessary,  not  to 
make  the  genus,  but  to  recognise  it.     Tlie  vagueness 
of  these  maxims  is  easily  seen ;  the  rule  of  attending 
to  all  the  parts,  implies,  that  we  are  to  estimate  their 
relative  importance,  either  by  physiological  consider- 
ations, (and  these  again  lead  to  arbitrary  rules,  as, 
for  instance,  the  superiority  of  the  function  of  nutri- 
^Jipn  to  that  of  reproduction,)  or  by  a  sort  of  latent 
^Btaralist  instinct,  which  Linnaeus  in  some  passages 
^^KmB  to  recognise.      "  The  habit  of  a  plant,"  he 
BaTs",  "must  bo  secretly  consulted.      A  practised 
botauist  will  distinguish,  at  the  first  glance,  the  plants 


'  lb.  p.  171. 
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of  different  quarters  of  the  globe,  and  yet  will  l>e  at 
a  loss  to  tell  bv  what  mark  he  detects  them.  There 
is,  I  know  not  what  look,  sinister,  dry,  obscure  in 
African  plants ;  superb  and  elevated,  in  the  Asiatic ; 
smooth  and  cheerful,  in  the  American ;  stunted  and 
indurated,  in  the  Alpine." 

Again,  the  rule  that  the  same  parts  are  of  very 
different  value  in  different  orders,  not  only  leaves  us 
in  want  of  rules  or  reasons  which  may  enable  us  to 
compare  the  marks  of  different  orders,  but  destroys 
the  systematic  completeness  of  the  natural  arrange- 
ment. If  some  of  the  orders  be  regulated  by  the  flower 
and  others  by  the  fruity  we  may  have  plants,  of  which 
the  flower  would  place  them  in  one  order,  and  the 
fruit  in  another.  The  answer  to  this  difficulty  is  the 
maxim  already  stated ; — that  no  character  fnakes  the 
order ;  and  that  if  a  character  do  not  enable  us  to 
recognise  the  order,  it  does  not  answer  its  purpose, 
and  ought  to  be  changed  for  another. 

This  doctrine,  that  the  character  is  to  be  em- 
ployed as  a  servant  and  not  as  a  master,  was  a 
stumbling-block  in  the  way  of  those  disciples  who 
looked  only  for  dogmatical  and  universal  rules.  One 
of  Linnaeus's  pupils,  Paul  Dietrich  Giseke,  has  given 
us  a  very  lively  account  of  his  own  perplexity  on 
having  this  view  propounded  to  him,  and  of  the  way 
in  which  he  struggled  with  it.  He  had  complained 
of  the  want  of  intelligible  grounds,  in  the  collection 
of  natural  orders  given  by  Linnaeus.    Linna;us ' '  wrote 

''  Lumeei.  Prslectionis,  Pref.  p.  xr. 


m 


HEFOllM  OF  LINNJEUS.  323 

in  answer,  "  Vou  ask  me  for  the  cliaracters  of  the 
nntaral  orders:  I  confess  I  cannot  give  thom." 
Snch  a  reply  naturally  increased  Giseke's  difficulties. 
But  afterffflrds,  in  1771,  he  had  tlio  good  fortune  to 
Bpend  Bome  time  at  Upsal ;  and  ho  narrates  a  con- 
versation which  he  held  witli  the  great  teacher  on 
this  giibject,  and  ^vhicb  I  think  may  serve  to  show 
the  nature  of  the  difficulty; — one  by  no  means 
easily  removed,  and  by  the  general  reader,  not  even 
readily  comprehended  with  distinctness.  Giseko 
began  by  eoncoiving  that  an  order  must  have  that 
attribute  from  which  its  name  is  derived; — that 
tlie  VmieUa/re  must  have  their  flower  disposed  in 
an  umbel.  The  "mighty  master"  smiled",  and 
told  him  uot  to  look  at  names,  but  at  nature. 
Bnt  (Miid  the  pupil)  what  is  the  use  of  the  name, 
if  it  does  not  mean  what  it  professes  to  mean  ?  It 
19  of  small  import  (rejilicd  Linnaeus)  tehai  you  call 
the  order,  if  you  take  a  proper  series  of  plants  and 
ivo  it  some  name,  which  is  clearly  understood  to 
ily  to  the  plants  which  you  have  associated.  In 
;h  Cases  as  you  refer  to,  T  followed  the  logical  rule, 
wf  borrowing  a  name  a  poUori,  from  the  princi])al 
member.  Can  you  (he  added)  give  me  the  cliaracter 
of  any  single  order  ?  GiseJce.  Surely,  the  character 
of  the  Viabclhta:  is,  tliat  they  have  an  umbel?  Zt«- 
Good;  but  there  arc  plants  which  have  an 
,  and  are  not  of  the  VmbcUttitc.  G.  1  re- 
ihcT.  We  must  therefore  add,  that  they  have 
naked  seeds.    L.  Then,  EchinophM-a,  which  has 

"  Subrisit  i  now' 
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only  one  set-tl,  and  En/ngium,  which  has  not  an  xinibcl, 
will  not  be  UmbeUatir;  and  yet  they  are  of  thi 
order.  G.  I  would  place  Etyru/itim  among  the  Atjgre- 
gakE.  L.  No ;  both  are  bt^yond  digjuite  UnUHillata. 
Etymfium  has  an  involucruiu,  five  stamina,  two  | 
tils,  &c.  Try  again  for  your  character.  G.  I  woul< 
transfer  such  ]>lants  to  the  end  of  the  order,  an< 
make  them  form  the  transition  to  the  next  ordei 
Erynghtin  would  connect  the  UinleUatif  with  th( 
Aggregattr.  L.  Ah!  my  good  friend,  the  transiHot 
from  order  to  oMer  is  one  thing- ;  the  clmracter  of  a 
order  is  another.  The  transitions  I  could  indicate 
but  a  character  of  a  natural  order  is  impossible, 
will  not  give  my  reasons  for  the  thstribution  of  na 
tural  orders  which  I  have  published.  You  or  somi 
other  person,  after  twenty  or  after  fifty  yeara,  i 
discover  them,  and  see  that  I  was  in  the  right. 

I  have  given  a  portion  of  this  curioua  convera 
tion,  in  order  to  show  that  the  attempt  to  establisi 
natural  orders  leads  to  convictions  which  are  out  o 
the  domain  of  the  systematic  grounds  on  which  the] 
profess  to  proceed.  I  beheve  the  real  state  of  thi 
case  to  be,  that  the  systematist,  in  such  instances,  t 
guided  by  an  unformed  and  undeveloped  appreheusioi 
of  physiological  functions.  The  ideas  of  the  forn 
number  and  figure  of  parts  are,  in  some  measure,  oven 
shadowed  and  superseded  by  the  rising  perception  of 
organic  and  vital  relations ;  and  the  philosopher  wU 
aims  at  a  natural  method,  while  ho  is  ciideaTuuriq{ 
[merely  to  explore  the  ajiartmeut  in  which  ho  ha 
himself,  that  of  ari-iingement,  is  led  bcyou 
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irtiere  another  lipht  Ivgitim  thoiijjli 
•  to  be  weo ;  lie  is  brought  within  tho  inftuunot* 
I  of  organization  and  life. 
Tbe  saeoevs  w-bich  (Iei>end  on  iJicrp  idcM  will  Ikj 
tl»  subject  of  our  consideration  hori'iiftt-r.  But  whnt 
ha*  beffli  said,  may  jwrhaps  Bcrvo  to  ox]dAin  the 
acknowiedged  and  inevitable  inipprfeetion  of  tlio 
BBpfaraif^o^ral  Linnoiiu  attempts  towanls  ii  natural 
method.  "  Artificial  classes  art',"  Linnn^ns  naytt,  "a 
nibstilute  for  natural,  till  natural  arc  detected."  But; 
we  have  not  yet  a  natural  method.  "  Nor,"  ho  says, 
ia  the  conveistttion  above  cited,  "oiin  we  have  a 
nataral  method ;  for  a  natural  nietliod  implies  natural 
danses  and  orders ;  and  these  orders  must  have  eh^ 
rarters."  "And  they,"  be  adds,  in  another  place", 
"  wlio,  though  they  cannot  obtain  a  complete  natural 
metliofl,  arrange  plants  according  to  the  fragments 
of  such  a  metliod.  to  the  rejection  of  the  artificial, 
Seem  to  me  like  persons  who  pull  down  a  convenient 
vaulted  room,  and  set  about  building  another,  though 
they  cannot  turn  the  vault  which  is  to  cover  it." 

How  far  these  considerations  deterred  other  per- 
S0U8  from  turning  their  main  attention  to  a  natural 
method,  we  shall  shortly  see;  but,  in  the  mean 
time,  we  must  comjdete  the  history  of  the  Liunuian 
Reform. 
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Sect.  6. — Receptimi  and  Diffiision  of  the  Lifma:an 

Reform. 

We  have  already  seen  that  Linnwus  received,  from 
his  own  country,  honours  and  emoluments  which 
mark  his  reputation  as  established,  as  early  as  1740; 
and  by  his  publications,  his  lectures,  and  his  personal 
communications,  ho  soon  drew  round  him  many 
disciples,  whom  he  impressed  strongly  with  his  own 
doctrines  and  methods.  It  would  seem,  that  the 
sciences  of  classification  tend,  at  least  in  modem  times, 
more  than  other  sciences,  to  collect  about  the  chair 
of  the  teacher  a  large  body  of  zealous  and  obedient 
pupils ;  Linnaeus  and  Werner  were  by  far  the  most 
powerful  heads  of  schools  of  any  men  who  appeared 
in  the  course  of  the  last  century.  Perhaps  one 
reason  of  this  is,  that  in  these  sciences,  consisting 
of  such  an  enormous  multitude  of  species,  of 
descriptive  particulars,  and  of  previous  classifica- 
tions, the  learner  is  dependent  upon  the  teacher 
more  completely,  and  for  a  longer  time,  than  in  other 
subjects  of  speculation:  he  cannot  so  soon  or  so  easily 
cast  off  the  aid  and  influence  of  the  master,  to  pursue 
reasonings  and  hypotheses  of  his  own.  Whatever 
the  cause  may  be,  the  fact  is,  that  the  reputation 
and  authority  of  Linnssus,  in  the  latter  part  of  his 
life,  were  immense.  He  enjoyed  also  royal  favour, 
for  the  King  and  Queen  of  Sweden  were  both  fond 
of  natural  history.  In  1753,  Linnceus  received  from 
the  hand  of  his  sovereign  the  knighthood  of  the 
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r  Star,  an  Iiouour  wliieh  had  ncTor  before  been 
confi-rrctl  for  literary  merit ;  and  in  1 756,  was  raised 
to  tlie  rank  of  Swedish  nobility,  by  the  title  of  Von 
Linne;  ami  this  distinction  was  confirmed  by  the 
Diet  in  1762.  He  lived,  honoured  and  courted,  to 
the  age  of  seventy-one;  and  in  1778  was  buried  in 
the  cathedral  of  Upsal,  with  many  teatimonlea  of 
public  respert  and  veneration. 

Do  CandoUe"  assigns,  as  the  causes  of  the  success 
of  the  LinuKan  system, — ^thc  specific  names,  tho  cha- 
racteristic phrase,  the  fixation  of  descriptive  language, 
tho  distinction  of  varieties  and  species,  tlie  extension 
^jtthe  method  to  all  the  kingdoms  of  nature,  and  the 
^^■Heticc  of  introducing  into  it  the  species  moat  re- 
^^BmIj  discovered.     This  last  course  Linnseus  con- 
Htantly  jmrsued;  thus  making  his  works  the  most 
raluablo  for  matter,  as  they  were  tho  most  convenient 
in  form.     The  general  diffusion  of  his  methods  over 
Euro[)o  may  be  dated,  perhaps,  a  few  years  after 
1760,  when  the  tenth  and  the  succeeding  editions  of 
^H^  Systetrta  NaUi/ns  were  in  circulation,  professing 
^^Blnclude  every  species  of  organised  beings.     But 
^^Apnpils  and  correspondents  effected  no  less  than  his 
^^■ricd,  fn  giving  currency  to  his  system.     In  Ger- 
^^feiy",  it  was  defended  by  Ludwig,  Gesner,  Fabri- 
cius.     But  Haller.  whose  reputation  in  physiology 
was  08  great  as  that  of  Llnuicus  in  methodology, 
wted  it  as  too  merely  artificial.     In  France,  it  did 
\  make  any  rapid  or  extensive  progress :  the  best 
nch  botanists  were  at  this  time  occupied  with 
•  Thfor.  Kl^in.  p.  40.  "  Siiren^cl,  ii.  244. 
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solntion  of  the  p^at  pl-oblem  of  the  constmctiou 
I  of  a  natural  method.  And  though  tljo  rhotoriciin 
Rousseau,  charmed,  wo  may  suppose,  with  the 
elegant  precision  of  the  Philosophia  Botanica,  d©- 
.clared  it  to  be  the  most  pbilosophioni  work  he  had 
ever  read  in  his  life,  Butfou  and  Adanson,  describe™ 
and  philosophers  of  a  more  ambitious  school,  felt  a 
repugnance  to  the  rigorous  rules,  and  limited,  but 
finished,  undertakings  of  the  Swedish  naturalist.  To 
resist  his  criticism  and  his  influence,  they  armed 
themselves  with  dislike  and  contempt. 

In  England  the  Linntcan  system  was  very  favour- 
ably received: — perhaps  the  more  favourably,  for 
being  a  strictly  artificial  system.  For  the  indefinite 
and  unfinished  form  which  almost  inevitably  clings 
to  a  natural  method,  appears  to  be  peculiarly  dis- 
tasteful to  our  countrymen.  It  might  seem  aa  if 
the  suspense  and  craving  which  comes  with  know* 
ledge  confessedly  incomplete  were  so  disagreeable 
to  them,  that  they  were  Avilling  to  avoid  it,  at  any 
rate  whatever ;  either  by  rejecting  .system  altogether, 
or  by  accepting  a  dogmatical  system  without  reserve. 
The  former  has  been  tlieir  course  in  recent  times 
with  regard  to  Jlineralog}' ;  the  latter  was  tlieir  pro- 
ceeding with  respect  to  the  Linna-an  Botany.  It  ia 
in  this  country  alono,  I  believe,  tliat  Wemerian  and 
Linnaan  Societies  have  been  instituted.  Such  appel- 
lations somewhat  remind  us  of  the  Aristotelian  an4; 
Platonic  schools  of  ancient  Greece.  In  the  Banu 
Spirit  it  was,  that  the  artificial  system  ^vas  at  luv 
time  here  considered,  not  as  subsidiary  and  ])repara» 
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^Vmy  to  the  natural  orderB,  but  as  opposed  to  them. 
This  was  much  aa  if  the  disposition  of  an  anny  in  a 
review  should  be  considered  as  inconsistent  witli 
another  arrangement  of  it  in  a  battle. 

When  Linna-iis  visited  Kngland  in  1736,  Sloane, 
then  the  patron  of  natural  history  in  this  country, 
is  said  to  have  given  him  a  cool  reception,  such  as 
was  perhaps  most  natural  from  an  old  man  to  a 
jroung  innovator;  and  Dillenius,  the  professor  at 
Oxford,  did  not  accept  the  sexual  system.  But  as 
Piiltency,  the  historian  of  English  Botany,  says,  when 
his  works  became  knowTi,  "  tlie  simplicity  of  the 
classical  characters,  the  uniformity  of  the  generic 
notes,  all  confined  to  the  parts  of  the  fructification, 
and  the  precision  which  marked  the  specific  dis- 
tinctions, merits  so  new,  soon  commanded  the  assent 
of  the  unprejudiced." 

Perhaps  the  progress  of  the  introduction  of  the 
Linnscan  System  into  England  will  be  best  under- 
stood from  the  statement  of  T.  Wartyn.  who  was 
I*rofes8or  of  Botany  in  tlie  University  of  Cambridge, 
from  17«1  to  1825.  "About  the  year  1750,"  he 
says",  "  I  was  a  pupil  of  the  school  of  our  great 
countrjTnan  Ray;  but  the  rich  vein  of  knowledge, 
the  profoundness  and  precision,  which  I  remarked 
everywhere  in  the  Pkilosophia  Botajiica,  (published 
in  1761,)  withdrew  me  from  my  first  master,  and  I 
became  a  decided  convert  to  that  system  of  botany 
which  has  since  been  generally  received.  In  1753, 
I  Species  PlaTUartim,  wliich  first  introduced  the 
"  Pref.  to  language  of  Botany,  3d  e^t.  1807. 
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specific  names,  made  mo  a  LiniiaDaii  completely."  In 
1763,  he  introduced  the  system  in  his  lectures  at 
Cambridge,  and  these  were  the  first  Linna^n  lectures 
in  England.  Stillingfleet  had  already,  in  1757,  and 
Lee,  in  1760,  called  the  attention  of  English  readers 
to  Linnaeus.  Hill,  in  his  Fhra  Britannicch  published 
in  1760,  had  employed  the  classes  and  generic  cha- 
racters, but  not  the  nomenclature;  but  the  latter 
was  adopted  by  Hudson,  in  1762,  in  the  Fiora 
Anglica, 

Two  young  Swedes,  pupils  of  Linnaeus,  Dryander 
and  Solander,  settled  in  England,  and  were  in  inti- 
mate intercourse  with  the  most  active  naturalists, 
especially  with  Sir  Joseph  Banks,  of  whom  the 
former  was  librarian,  and  the  latter  a  fellow  traveller 
in  Cook's  celebrated  voyage.  James  Edward  Smith 
was  also  one  of  the  most  zealous  disciples  of  Lin- 
naeus, during  the  life  of  the  master ;  and  after  his 
death,  purchased  his  Herbariums  and  Collections. 
It  is  related",  as  a  curious  proof  of  the  high  estimar 
tion  in  which  Linnaeus  was  hold,  that  when  the 
Swedish  government  heard  of  this  bargain,  they 
tried,  though  too  late,  to  prevent  these  monuments 
of  their  countryman's  labour  and  glory  being  carried 
from  his  native  land,  and  even  went  so  far  as  to  send 
a  frigate  in  pursuit  of  the  ship  which  conveyed  them 
to  England.  Smith  had,  however,  the  triumph  of 
bringing  them  home  in  safety.  On  his  death  they 
were  purchased  by  the  Linno^an  Society.    Such  relief 
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,  as  will  easily  be  imagined,  not  only  to  vrarm 
the  reverence  of  his  admirers,  but  to  iUustratu  his 
writings :  and  since  they  have  been  in  tliis  country, 
they  have  been  the  object  of  the  pilgrimage  of  many 
a  botanist,  from  every  part  of  Eurojie. 

I  have  purposely  confined  myself  to  the  history  of 
the  Linnaan  system  in  the  cases  in  which  it  is  most 
easily  applicable,  omitting  all  consideration  of  more 
obscure  and  disputed  kinds  of  vegetables,  as  terns, 
mosses,  fungi,  lichens,  sea^weeds,  and  the  like.  Tho 
nature  and  progress  of  a  classificatory  science,  which 
it  is  our  main  iturpose  to  bring  into  view,  will  best 
be  understood  by  attending,  in  tho  first  place,  to  tho 
cases  in  which  such  a  science  lias  l^een  pursued  with 
Uic  most  decided  success ;  and  the  advances  wliich 
ItBVG  been  made  in  tho  knowledge  of  tho  more 
obscure  vegetables,  are,  in  fact,  advances  in  artificial 
classification,  only  in  as  far  as  they  are  advances  in 
natural  classification,  and  in  physiology. 
To  these  subjects  we  now  ]iroceed. 


oo^ 


CHAPTER  V. 

Progress  towards  a  Natural  System  of 

Botany. 

We  have  already  said,  that  the  formation  of  a  natural 
system  of  classification  must  result  from  a  compa- 
rison of  all  the  resemblances  and  differences  of  the 
things  classed ;  but  that,  in  acting  upon  this  maxim, 
the  naturalist  is  necessarily  either  guided  by  an 
obscure  and  instinctive  feeling,  which  is,  in  fact,  an 
undeveloped  recognition  of  physiological  relations, 
or  else  acknowledges  physiology  for  his  guide,  though 
he  is  obliged  to  assume  arbitrary  rules  in  order  to 
interpret  its  indications.  Tims  all  natural  classifica- 
tion of  organized  beings,  either  begins  or  soon  ends 
in  physiology;  and  can  never  advance  far  without 
the  aid  of  that  science.  Still,  the  progress  of  the 
natural  method  in  botany  went  to  such  a  length 
before  it  was  grounded  entirely  on  the  anatomy  of 
plants,  that  it  will  be  proper,  and  I  hope  instructive^ 
to  attempt  a  sketch  of  it  here. 

As  I  have  already  had  occasion  to  remark,  the 
earlier  systems  of  plants  were  natural;  and  they 
only  ceased  to  be  so,  when  it  appeared  that  the 
problem  of  constructing  a  system  admitted  of  a  veiy 
useful  solution,  while  the  problem  of  devising  a 
natural  system  remained  insoluble.  But  many  bo- 
tanista  did  not  8o  ea^ly  teiioxmce  the  highest  object 


PROGRESS  TOWARDS  A  NATURAL  SYSTEM, 


of  their  science.  In  .France,  especially,  a  succession 
of  extraordinary  men  laboured  at  it  with  no  incon- 
siderable success :  and  they  were  seconded  by  worthy 
fellow-labourers  in  Germany  and  elsewhere. 

The  precept  of  taking  into  account  all  the  parts 
of  plants  acconling  to  their  importance,  may  be 
applied  according  to  arbiti-aiy  rules.  We  may,  for 
instance,  assume  that  the  fruit  is  the  most  important 
part ;  or  we  may  make  a  long  list  of  parts,  and  look 
for  agreement  in  the  greatest  possible  number  of 
these,  in  order  to  construct  our  natural  orders.  The 
former  course  was  followed  by  Gtertner';  the  latter 
by  Adansou.  Gartner's  ])rinci])les,  deduced  from 
the  dissection  of  more  than  a  thousand  kinds  of 
fruits',  exercised,  in  the  sequel,  a  great  and  per- 
manent influence  on  the  formation  of  natural  elasses. 
Adanson's  attempt,  bold  and  ingenious,  belonged, 
both  in  time  and  chai-acter,  to  a  somewhat  earlier 
stage  of  the  subject™.  Enthusiastic  and  laborious 
beyond  belief,  but  self-confident  and  contemptuous  of 
the  labours  of  others,  Michel  Adanson  had  collected, 
during  five  years  spent  in  Scni.'gal,  an  enormous 
mass  of  knowledge  and  materials ;  and  had  formed 
plans  for  the  systems  which  he  conceived  himself 
thus  empowered  to  reach,  far  beyond  the  strength 
and  the  lot  of  man'.  In  his  Families  of  Plants, 
howcTer,  all  agree  that  his  labours  were  of  real  value 
to  the  science.     The  method  which  he  followed  is 


'  De  Fructibus  ct  S 
■  Sprengcl,  ii.  290. 
•  Families  (lea  Phntt-s,  17C>3. 
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thus  described   by  his  eloquent  and   philosophicaK- 
eulogist*. 

Considering  each  organ  by  itself,  he  formed,  bjr 
pursuing  its  various  modifications,  a  system  of  divi- 
sion, in  which  he  arranged  all  known  species  accord- 
ing to  that  organ  alone.     Doing  the  same  for  another 
organ,  and  another,  and  so  for  many,  he  constructed  a 
collection  of  systems  of  arrangement,  each  artificial,— 
each  founded  upon  one  assumed  organ.    Tlie  species 
which  come  together  in  all  these  systems  are,  of  all, 
naturally  the  nearest  to  each  other ;  those  which  are 
separated  in  a  few  of  the  systems,  but  contiguons 
in  the  greatest  number,  are  naturally  near  to  each 
other,  though  less  near  than  the  former ;  those  which 
are  separated  in  a  greater  number,  are  further  re- 
moved from  each  other  in  nature ;  and  they  are  the 
more  removed,  the  fewer  are  the  systems  in  which 
they  are  associated. 

Thus,  by  this  method,  we  obtain  the  means  of 
estimating  precisely  the  degree  of  natural  affinity  of 
all  the  species  which  our  systems  include,  independent 
of  a  physiological  knowledge  of  the  influence  of 
the  organs.  But  the  method  has,  Cuvier  adds, 
the  inconvenience  of  presupposing  another  kind  of 
knowledge,  which,  though  it  belongs  only  to  descrip- 
tive natural  history,  is  no  less  difficult  to  obtain ; — 
the  knowledge,  namely,  of  all  si>ecies,  and  of  all  the 
organs  of  each.  A  single  one  neglected,  may  lead 
to  relations  the  most  false;  and  Adanson  himself, 
in  spite  of  the  immense  number  of  his  observations 
exemplifies  this  in  some  instaxie^. 

•  Cuv,  Elogea,  torn.  1.  "^*  ^Ki« 


Ve  may  add,  that  in  the  division  of  the  stnicture 
into  organs,  and  in  the  estimation  of  the  gradations 
of  these  in  each  artificial  system,  there  is  still  room 
^^Hwbitrary  assumption. 

^Hki  the  mean  time,  the  two  Jussicus  had  presented 
^^»  the  world  a  "  Natural  Method,"  which  produced 
a  stronger  impression  than  the  "  Universal  Method" 
of  Adanson.  The  first  autlior  of  the  system  was 
Bernard  de  Jussieu,  who  applied  it  in  the  arrange- 
ment of  the  garden  of  the  Trianon,  in  1759,  though 
he  never  published  upon  it.  His  nephew,  Antoine 
Laurent  de  Jussieu,  in  his  Treatise  of  Uie  Arrange' 
meni  of  (he  Trianmi',  gave  an  account  of  the  prin- 
ciples and  orders  of  his  uncle,  ni-hich  he  adopted 
when  he  succeeded  him ;  and,  at  a  later  period, 
piihlishcd  his  Genera  Plantarnm  semindiim  Ordines 
Natiiraks  dtspmitn;  a  work,  says  Ciivier,  which 
perhaps  forms  as  important  an  epoch  in  the  sciences 
of  observation,  as  the  Chimie  of  Lavoisier  does  in 
the  sciences  of  experiment.  The  object  of  the 
Jossieus  was  to  obtain  a  system  which  should  be 
governed  by  the  natural  affinities  of  the  plants,  while, 
at  the  same  time,  the  cliaractcrs  by  which  the  orders 
were  ostensibly  determined,  should  be  as  clear, 
simple,  and  jirecise,  as  tliose  of  the  l>e8t  artificial 
system.  The  main  jioints  in  these  characters  were 
the  number  of  the  cotyledons,  and  the  structure  of 
tiie  seed ;  and  subordinate  to  this,  the  insertion  of 
the  stamina,  whicli  they  distinguished  as  cpigy»mts, 
pim/noxs,  and  hjpogi/?mis,  according  as  they  M^ere 
°  Aleio.  Ac.  P.  l??"!- 
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inserted  over,  about,  or  under,  tlic  gornien.     And 
the   classes   which    Avcre   formed    l)y  the   Jussieus, 
though  they  have  since  been  modified  by  succeeding^ 
writers,  have  been  so  far  retained  by  the  most  pro- 
found botanists,  notwithstanding  all  the  new  care 
and  new  light  which  have  been  bestowed  upon  the 
subject,  as  to  show  that  what  was  done  at  fii-st,  was 
a  real  and  important  st^p  in  the  solution  of  the 
problem. 

Tlie  merit  of  the  formation  of  this  natural  method 

of  plants  must  be  divided  between  the  two  Jussieus. 

It  has  been  common  to  speak  of  the  nephew,  Antoine 

Laurent,  as  only  the  publisher  of  his  uncle's  work'. 

But  this  appears,  from  a  recent  statement',  to  be 

highly  unjust.     Bernard  left  nothing  in  AVTiting  but 

the    catalogues    of    the    garden   of    the    Trianon, 

which  he  had  arranged  according  to  his  own  views; 

but   these    catalogues   consist   merely   of  a   series 

of  names    without   explanation    or   reason    added. 

The  nephew,  in  1773,  undertook  and  executed  for 

himself  the   examination  of  a  natural  family,  the 

JRaminculacecr ;  and  he  was  wont  to  relate  (as  his 

son  informs  us)  that  it  was  this  em])loyment  which 

first  opened  his  eyes  and  rendered  him  a  botanist. 

In  the  memoir  which  he  wrote,  he  explained  fully 

the  relative  importance  of  the  characters  of  plants, 

and  the  subordination  of  some  to  others ; — an  esson- 

^  Prodromus  Florae  Pcnins.  Ind.  Orient.  Wight  and  Walker. 
Amott,  Introd.  p.  xxxv. 

'  By  Adricn  dc  Jussieu,  son  of  Antoine  Laurenti  in  the 
Annales  des  &c  Nat,  Nov.  1834. 
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tial  consideration,  whicli  Adanson's  scheme  had  failed 
to  take  account  of.  The  uncle  died  in  1777 ;  and  liis 
nephew,  in  speaking  of  him,  compares  his  arrangement 
to  the  Ordines  Naturales  of  Linnoeus :  "  Both  these 
authors,"  he  says,  "have  satisfied  themselves  with 
giving  a  catalogue  of  genera  which  approach  each  other 
in  different  points,  without  explaining  the  motives 
which  induced  them  to  place  one  order  before 
another,  or  to  arrange  a  genus  under  a  certain  order. 
These  two  arrangements  may  be  conceived  as  pro- 
blems wliich  their  authors  have  left  for  botanists  to 
solve.  Linna-us  published  hia ;  that  of  M.  de  Juseieu 
is  only  known  by  the  manuscript  catalogues  of  tho 
garden  of  the  Trianon."_ 

It  was  not  till  the  younger  Jussieu  had  employed 
himself  for  niueteen  years  upon  botany,  that  he 
published,  in  1789,  liis  Genera  Plantarum;  and  by 
this  time  he  had  so  entirely  formed  his  scheme  in 
his  head,  that  he  began  the  impression  without 
having  written  the  book,  and  the  manuscrijit  was 
never  more  than  two  pages  in  advance  of  the 
printer's  type. 

When  this  work  appeared,  it  was  not  received  with 
any  enthusiasm ;  indeed,  at  that  time,  the  revolu- 
tions of  states  absorbed  the  thoughts  of  all  Europe, 
and  left  men  little  leisure  to  attend  to  the  revolutions 
of  science.  The  author  himself  was  drawn  into  tho 
Tortex  of  public  afl'airs,  and  for  some  years  forgot 
his  book.  The  method  made  its  way  slowly  and 
with  diificulty:  it  was  a  long  time  before  it  was 
comprehended  and  adopted  in  France,  aitliough  the 

W)L.  HI.  '^ 
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botanists  of  that  country  had,  n  little  while  bcfor^ 
been  so  eager  in  pursuit  of  a  natural  system.  I| 
England  and  0011110117,  "'hich  had  readily  recervoi 
the  Linnsean  method,  its  progress  was  still  raori 
tardy. 

There  19  only  one  point,  on  which  it  appears  n* 
cessary  further  to  dwell.  A  main  and  fundamental 
distinction  in  all  natural  sj-stems,  is  that  of  tht 
Monopntyledonous  and  Dicotyledonous  plants;  thM 
is.  plants  which  unfold  themselves  from  an  emhry* 
with  two  little  Iwives,  or  with  one  leaf  only.  This  dis* 
tinction  produces  its  effects  in  the  systems  which  am 
regulated  by  numbers ;  for  the  flowers  and  fruit  of  thft 
monocotyledons  are  generally  referriblu  to  some  law  it 
which  the  number  t/iree  prevails ;  a  type  which  rarel] 
occurs  in  dicotyledons,  these  affecting  most  commonlj 
an  arrangement  founded  on  the  number _/fpi9.  Bat  tf 
appears,  when  we  attempt  to  rise  towanls  a  nattint 
method,  that  this  division  according  to  the  cotyledon^ 
is  of  a  higher  order  than  the  otlier  divisions  accondinj 
to  number;  and  corresponds  to  a  distinction  in  th» 
general  structure  and  organization  of  the  plant,  ThS 
apprehension  of  the  due  rank  of  this  distinction  h 
gradually  grown  clearer.  Covicr'  conceives  that  1 
finds  such  a  division  clearly  marked  ra  Lobel,  : 
1581,  and  employed  by  Uny  as  the  basis  of  1 
classification  a  century  later.  This  difference  ha 
had  its  due  place  assigned  it  in  more  recent  systw 
of  arrangement;  bat  it  is  only  later  still  that  it 
fuD  import  has  been  distinctly  brought  into  vfei 
'  Hist.  Sc.  Nat.  ii.  197- 
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Defrfbntaines  discovered"  that  the  ]ip;neous  fibre  ts 
de\'eloppd  in  an  opposite  manner  in  TGg;etabIcs  with 
one  aud  with  two  cotyledons ; — towards  the  inside 
in  tbo  former  case,  and  towards  the  outside  in  the 
latter ; — and  hence  these  two  great  classes  have  been 
since  termed  mdogenom  and  cuogeiiom. 

Thus  this  division,  according  to  the  cotyledons, 
appears  to  have  the  stamp  of  reality  put  upon  it,  by 
acquiring  a  physiological  meaning.  Yet  wo  are 
not  allowed  to  forget,  even  at  this  elevated  point 
of  generalisation,  that  710  one  character  can  be  impe- 
rative in  a  natural  method.  Lamarck,  who  em- 
ployed his  great  talents  on  botany,  before  lie  devoted 
himself  exclusively  to  other  branches  of  natural 
history,  published  his  views  concerning  raethodfi, 
systemfl",  and  characters.  His  main  priiicijile  is,  that 
no  single  jiart  of  a  plant,  however  essential,  can  bo  a 
rule  for  classification ;  and  hence  ho  blames  the 
JasKieuiau  method,  as  giving  this  inadmissible  autlio- 
rlty  to  the  cotyledons.  Roscoe"  fVirther  urges,  that 
some  plants,  as  Orchis  morio,  and  Limiid<yrum  ver&- 
ctrndimi,  have  no  visible  cotyledons.  Yet  De  Candolle, 
who  laboured  along  with  Lamarck  in  the  new  edition 
of  tlie  Flore  Fra/ipaise,  has,  as  we  have  already  inti- 
kI,  been  led,  by  the  most  careful  application  of 
t  principles,  to  a  system  of  natural  orders. 


i  Sprengel  ii.  Stifl ;  and,  there  quolcd,  Florc  Fraii9aisc,  t.  i.  3, 

n.     Mm.  Ac.  P.  1785.     Joum.   IlUt.  Nat.  t.  i.     For  La- 

k'a  BKlhoiIi!  Analytiquc,  sec  Ilumeril,  Sc.  Nat  i.  Art,  390. 

*,  LIdb.  Tr.  vol.  xi.     Cutcula  al«>  has  no  cotyledons. 
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of  which  Jussieu's  may  be  looked  upon  as  the  basis; 
and  we  shall  find  the  greatest  botaniets,  up  to  thi 
most  recent  period,  recognising,  and  employing  them 
selves  in  improving,  Jussieu's  natural  families ;  8i 
that  in  the  progress  of  this  part  of  our  knowledge 
vague  and  perplexing  as  it  is,  we  have  no  cxccptioii 
to  our  general  aphorism,  that  no  real  acquisition  ia 
science  is  ever  discarded. 

The  reception  of  the  system  of  Jussieu  in  tlii| 
country  was  not  so  ready  and  cordial  as  of  that  c 
Linnseus.  As  we  have  already  noticed,  the  tw 
systems  were  looked  upon  as  rivals.  Thus  Roscoe^ 
in  1810",  endeavoured  to  show  that  Jussieu's  syeteni 
was  not  more  natural  than  the  Linnssan,  and  'w 
inferior  as  an  artiticial  system :  but  he  argues  1 
points  as  if  Jussieu's  characters  were  the  grounds  ot 
his  distribution ;  which,  as  we  have  said,  is  to  mis^ 
take  the  construction  of  a  natural  system.  In  1803j 
Salisbury"  had  already  assailed  the  machinery  of  the 
system,  maintaining  that  there  are  no  cases  of  peri-} 
gynous  stamens,  as  Jussieu  proi)oses ;  but  this  h^ 
urges  with  great  expressions  of  respect  for  the  autluHg 
of  the  method.  And  the  more  profound  botanist^ 
of  England  soon  showed  that  they  could  ap]>rectatei 
and  extend  tlio  natural  method.  Robert  Browib 
who  had  aceompauied  Captain  Flinders  to  Ne^ 
Holland  in  1801,  and  who,  after  examining  thaj 
country,  brought  home,  in  1805,  nearly  four  thouSfUU 
species  of  plants,  was  the  most  distinguished  examj^ 


'  Linn.  Tr.  vol.  si.  p.  50. 
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of  this.    In  his  preface  to  the  Prodromm  Flortr  Novte 

HfjUanditr,  he  savs,  thai  he  found  himself  under  the 

necessity  of  employing  the  natural  method,  as  the 

«mly  way  of  avoiding  serious  error,  when  he  had  to 

dtal  with  so  many  new  genera  as  occur  in  New  IIol- 

[and ;  and  that  he  has,  therefore,  fullowed  the  method 

of  Jossieu;  the  greater  jiart  of  whose  orders  are 

I       truly  natural,  "  although  their  arrangement  in  classes, 

^^fc  is,"  he  says  "  conceded  hy  their  author,  no  less 

^^bldid  than  learned,  ia  often  artificial,  and,  as  appears 

^^ft  me,  rests  on  doubtful  grounds." 

From  what  has  already  been  said,  the  reader  will, 
I  trust,  see  what  an  extensive  and  exact  knowledge 
of  the  Tegetable  world,  and  what  comprehensive 
Tien-8  of  affinity,  must  be  requisite  in  a  person  who 

Ki  to  modify  the  uatural  system  so  as  to  make  it 
tod  to  receive  and  arrange  a  great  number  of  new 
jit.t,  extremely  ditterent  from  the  genera  on  which 
the  arrangement  was  first  formed,  as  the  New  Hol- 
land genera  for  the  most  part  were.  He  will  see 
also  how  impossible  it  must  be  to  convey  by  extract 
or  description  any  notion  of  the  nature  of  these 
ications :  it  is  enough  to  say,  that  they  have 
:eit«d  the  applause  of  botanists  wherever  the  science 
Btodied.  and  that  they  have  induced  Humboldt 
id  his  fellow-labourers,  themselves  botanists  of 
first  rank,  to  dedicate  one  of  their  works 
liim  in  terms  of  the  strongest  admiration".  Mr. 
iwn  has  also  published  special  disquisitions  on 

'  Roberto  Brown,  Britanniarum  gloriio   atcjue 
K  Dotaaiccs  sdentiam  mgenio  mirifico  complcctenti. 
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parts  of  the  Natural  System ;  as  on  Jussieu's  Pr 
cacecc^:    on   the  Asclepiadecc^  a  natural  family 
plants    which    must   be   separated    from   Jussieui'f 
ApocynecD^^ :  and  other  similar  labours. 

We  have,  I  think,  been  led,  by  our  survey  of  tTi0 
history  of  Botuny,  to  this  point ; — that  a  Natural 
IVIethod  directs  us  to  the  study  of  Physiology,  as  the 
only  means  by  which  we  ca,n  reach  the  object.    This 
conviction,  which  in  botany  comes  at  the  end  of  a 
long  series  of  attempts  at  classification,  offers  itself 
at  once  in  the  natural  history  of  animals,  where  the 
physiological  signification  of  the  resemblances  and 
differences  is  so  much  more  obvious.     I  shall  not, 
therefore,  consider  any  of  these  branches  of  natural 
history  in  detail  as  examples  of  mere  classification. 
They  will  come  before  us,  if  at  all,  more  properly  when 
we  consider  the  classifications  which  depend  on  the 
functions  of  organs,  and  on  the  corresponding  modi- 
fications wliieh  they  necessarily   undergo;    that  is, 
when  we  trace  the  results  of  physiology.     But  before 
we  proceed  to  sketch  the  history  of  that  part  of  our 
knowledge,  there  are  a  few  points  in  the  progress  of 
zoology,  understood  as  a  mere  classificatory  science, 
which  appear  to  me  suflficiently  instructive  to  make 
it  worth  our  while  to  dwell  upon  them. 

"  Linn.  Tr.  vol.  x.  1809. 

*^  Mem.  of  Wemerian  N.  H.  Soc.  vol.  i.  1809. 


:  history  of  Systematic  Botany,  as  we  liavo  pre- 
sented it,  may  bo  considered  as  a  euiiicient  type  of 
the  general  order  of  jtrogressiou  in  the  sciences  of 
classijication.  It  lias  apjteared,  in  the  survey  whicli 
we  have  bad  to  give,  that  this  science,  no  less  than 
those  which  we  first  considered,  has  been  formed  by 
a  series  of  inductive  processes,  and  has,  in  its  history, 
Epochs  at  which,  by  such  processes,  decided  advances 
were  made.  The  important  step  in  such  cases  is, 
the  seizing  upon  some  artiiieial  mark  which  conforms 
to  natural  resemblances ; — some  basis  of  arrangement 
and  nomenclature  by  means  of  which  true  propo- 
wtions  of  considerable  generality  can  be  enunciated. 
The  advance  of  other  classificatory  sciences,  as  well 
OS  botany,  must  consist  of  such  steps ;  ond  their 
course,  like  that  of  botany,  must  (if  we  attend  only 
to  the  real  additions  made  to  knowledge,)  be  gradual 
and  progressive,  from  the  earliest  times  to  the 
present. 

To  exorapliiy  tliis  continued  and  constant  pw^ 
gression  in  the  whole  range  of  zoology,  would  r&- 
quire  vast  knowledge  and  great  labour ;  and  is,  per- 
haps, tho  less  necessary,  after  we  have  dwelt  so  long 
on  the  history  of  botany,  considered  in  the  same 

at  of  view.     But   there  are  a  few  observations 
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respecting  zoology  in  general  which  we  are  led  to 
make  in  consequence  of  statements  recently  promul- 
gated ;  for  these  statements  seem  to  represent  the 
history  of  zoology  as  having  followed  a  course  very 
different  from  that  which  we  have  just  ascribed  to  the 
classificatory  sciences  in  general.  It  is  held  by  some 
naturalists,  that  not  only  the  formation  of  a  syste- 
matic classification  in  zoology  dates  as  far  back  as 
Aristotle ;  but  that  his  classification  is,  in  many  re- 
spects, superior  to  some  of  the  most  admired  and 
recent  attempts  of  modem  times. 

If  this  were  really  the  case,  it  would  show  that  at 
least  the  idea  of  a  systematic  classification  had  been 
formed  and  developed  long  previous  to  the  period  to 
which  we  have  assigned  such  a  step ;  and  it  would 
be  difficult  to  reconcile  such  an  early  maturity  of 
zoology  with  the  conviction  which  we  have  had  im- 
pressed upon  us  by  the  other  parts  of  our  history, 
that  not  only  labour  but  time,  not  only  one  man  of 
genius  but  several,  and  those  succeeding  each  other, 
are  requisite  to  the  formation  of  any  considerable 
science. 

But,  in  reality,  the  statements  to  which  we  refer, 
respecting  the  scientific  character  of  Aristotle's 
zoological  system,  are  altogether  vrithout  foundation ; 
and  this  science  confirms  the  lessons  taught  us  by 
all  the  others.  The  misstatements  respecting  Aris- 
totle's doctrines  are  on  this  account  so  important^ 
and  are  so  curious  in  themselves,  that  I  must  dwell 
upon  them  a  little. 

Aristotle's  nine  Books  "  On  Animals"  are  a  woik 
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eomuornting  the  diiTercnceH  of  animals  in  almnst  all 
conceivable  respects ; — the  or^ns  of  aenne,  of  mo- 
tion, of  nutrition,  the  interior  anaturar.  the  exterior 
corering.  the  manner  of  life,  growth,  freneration, 
and  many  other  oircumtrtanees.  Tliese  'liflLTen(!eiii 
are  very  piiilosoithically  estimatefL  "  Tlie  corre- 
sponding partr)  of  animabt,"  he  sarft'.  **  bemidofl  the 
differences  of  quality  and  circumHtance,  difler  in 
being  more  or  fewer,  greater  or  )nnaller,  and,  Kj>eak- 
ing  generally,   in   excess  and  defert.     Titos   futme 

■imals    have    crustaceotis   covering*),    othcra    hard 
Jls ;  eome  have    long   )x--ak.i,  «ome   short ;  Home 

Ifcvemany  wingp,  sf»me  have  few.  Some  again  have 
part8  which  others  want,  a8  cretrt*  and  npum."  Ho 
then  makes  the  following  im|>ortant  rtfrnark  :  "  Home 
animals  have  parts  which  corrf^jwinrl  to  tiiotwj  of 
others,  not  as  Ijeing  the  same  in  sjK-ciew,  nor  hf 
excess  and  defect,  hut  by  analiHpf ;  thux  a  claw  in 
analogous  to  a  thorn,  and  a  nail  to  a  hoof,  and  a 
hand  to  the  nijipor  of  a  lohuter.  and  a  feather  to  a 
scale ;  for  what  a  featlier  is  in  a  bird,  that  is  a  scale 
in  a  fish." 

It  will  not,  however,  t«  ncccfisary,  in  order  to 
understand  Aristotle  for  our  present  purpose,  that 
we  should  discuss  his  notion  of  analogy.     lie  pro- 
B  to  state  his  object',  which  is,  as  we  have  said, 

k  describe  the  diiTerences  of  animals  in  their  stnic- 
3  and  habits,     ile  then  observes,  that  for  struc- 
ture, we  may  take  man  for  our  type',  as  being  best 

jiown  to  us ;  and  the  remainder  of  the  first  book 


we  sho 

^Bm»  t 

^^Bdesc 
^^rore  an 


I 


is  occupied  with  a  description  of  man's  body,  be- 
ginning from  tlio  head,  and  proceeding  to  the 
extremities. 

In  the  next  Book,  (from  which  are  taken  the  prin- 
cipal passages  in  whicli  his  modern  coiimientatora 
detect  his  system,)  he  proceeds  to  compare  the  dif- 
ferences of  parts  in  different  animals,  according  to 
the  order  which  he  had  observed  in  man.  In  the 
first  chapter  he  speaks  of  the  lieml  and  neck  of 
animals ;  in  tlie  second,  of  the  parts  analogous  to 
arms  and  hands ;  in  the  third,  of  the  breast  and  paps, 
and  so  on ;  and  thus  he  comes,  in  the  seventh  chap- 
ter, to  the  legs,  feet,  and  toes ;  and  in  the  eleventh, 
to  the  teeth,  and  so  to  other  parts. 

Tho  construction  of  a  classification  consists  in  the 
selection  of  certain  parts,  as  those  which  sliall  emi- 
nently and  peculiarly  determine  the  place  of  each 
Bpecies  in  our  arrangement.  It  is  clear,  therefore, 
that  such  an  enumeration  of  differences  as  we  have 
described,  supposing  it  complete,  contains  the  mate- 
rials of  all  jiossible  classifications.  But  we  can  with 
no  more  propriety  say  that  the  author  of  such  an 
enumeration  of  differences  is  the  author  of  any 
classification  which  can  be  made  by  means  of  them, 
than  we  can  say  that  a  man  who  writes  down  the 
whole  alphabet  writes  down  the  solution  of  a  ^veii 
riddle  or  the  answer  to  a  particular  (juestion. 

Yet  it  is  on  no  other  ground  than  this  enumeration, 
§0  far  as  I  can  discover,  that  Aristotle's  "  System"  has 
Ijeen  so  decidedly  spoken  of,  and  exhibited  in  the 
'  LiimJKUi  Transactions,  vol.  svi,  p.  24. 
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most  formal  tabular  Bhajie.  The  authors  of  tliis  "  S^s- 
tema  Aristolelicum,"  have  selected,  I  [iresume,  the 
following  passages  from  tho  work  On  Animals,  as 
tbey  might  have  selected  any  other ;  and  by  arrang- 
ing them  according  to  a  eubordiuatiou  unknown  to 
Aristotle  himseUj  have  made  for  him  a  scheme  which 
undoubtedly  bears  a  great  resemblance  to  the  most 
complete  systems  of  modern  times. 

Book  I,  chap.  V. — "  Some  animals  aro  viviparous, 
some  oviparous,  some  vermiparous.  The  viviparous 
are  such  as  man,  and  the  horse,  and  all  those  ani- 
mals which  have  hair ;  and  of  aquatic  animals,  the 
whale  kind,  as  the  dolphin  and  cartilaginous  fishes." 

Book  II,  chap.  vii. — "  Of  quailruiKjds  which  have 
blood  and  are  viviparous,  some  are  (as  to  their  ex- 
tremities,) many-cloven,  as  the  hands  and  feet  of 
mau.  For  some  are  many-toed,  as  the  lion,  tho  dog, 
tho  panther ;  some  arc  bifid,  and  have  hoofs  instead 
of  nails,  as  the  sheep,  the  goat,  the  elephant,  the 
hipi)opotamu8 ;  and  some  have  undivided  feet,  as  the 
Bolid-hoofod  animals,  the  horse  and  ass.  Tlie  swine 
kind  share  both  characters." 

Chap.  ii. — "  Animals  have  also  great  differences 
in  the  teeth,  both  when  compared  vith  each  other 
and  with  man.  For  all  quadrupeds  which  have 
blood  and  are  viviparous,  have  teeth.  And  in  the 
first  place,  some  are  ambidental ',  (having  teeth  in 
both  jaws  ;)  and  some  are  not  so,  wanting  the  front 
teeth  in  the  upper  jaw.  Some  Iiave  neither  front 
_teeth  nor  horns,  as  tho  camel;  some  have  tusks',  as 

*  'A/i^iWSoJT".  '  XiivXidSown. 
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the  boar,  some  have  not.  Some  have  serrated^  teeth, 
as  the  lion,  the  panther,  the  dog ;  some  liave  the 
teeth  unvaried',  as  the  horse  and  the  ox ;  for  the 
animals  which  vary  their  cutting-teeth  have  all  ser- 
rated teeth.  No  animal  has  both  tusks  and  horns; 
nor  has  any  animal  \Wth  serrated  teeth  either  of 
those  weai)ons.  The  greater  part  have  the  front 
teeth  cutting,  and  those  within  broad." 

These  passages  undoubtedly  contain  most  of  the 
differences  on  which  the  asserted  Aristotelian  classi- 
fication rests;  but  the  classification  is  formed  by 
using  the  characters  drawn  from  the  teeth,  in  order 
to  subdivide  those  taken  from  the  feet ;  whereas  in 
Aristotle  these  two  sets  of  characters  stand  side  by 
side,  along  with  dozens  of  others ;  any  selection  of 
which,  employed  according  to  any  arbitrary  method 
of  subordination,  might  with  equal  justice  be  called 
Aristotle's  system. 

Why,  for  instance,  in  order  to  form  subdivisions 
of  animals,  should  we  not  go  on  with  Aristotle's 
continuation  of  the  second  of  the  above-quoted 
passages,  instead  of  capriciously  leaping  to  the  third : 
"  Of  these  some  have  horns,  some  have  none  .  .  . 
Some  have  a  fetlock-joint',  some  have  none  ...  Of 
those  which  have  horns,  some  have  them  solid 
throughout,  as  the  stag ;  others,  for  the  most  part, 
hollow  .  .  .  Some  cast  their  horns,  some  do  not" 
If  it  be  replied,  that  we  could  not,  by  means  of  such 
characters,  form  a  tenable  zoological  system;   we 

'  JLapxop6tomu  '  'AyeiraXXcucria.  '  'Aor/MiyaXov* 


»iu  ask  by  what  ri^t  we  : 
ve  made  or  attempted  »  i 
ben  wtmt    be   has   irritten. 
jder,  does   not  admit  of  being  < 

Again,  what  is  the  object  of  any  iliwiinriBnl 
^  at  least,  among  otliets.  To  eaiMe  the  pesaon 
lo  uses  it  to  study  and  deenibe  more  eoarefuently 

B  objects  thus  classified.  If.  tberefoR:,  Aristotle 
d  fonned  or  adopted  anr  sT«tem  of  arrsngemeat, 
i  sbould  eee  it  in  the  oider  (tf  the  subjects  in  hU 
ak.    Accordiitglr,  so  far  as  be  has  a  trvteat,  he 

Dfeeses  to  make  this  ose  of  it-  At  tbe  beginning 
tbo  fifth  Book,  where  be  is  proceeding  to  treat  of 
9  difierent  modes  of  generation  of  animals,  he  eays. 
\a  we  formerly  made  a  diviirion  of  animals  accord- 
t  to  their  kindts  we  mast  now,  in  tbe  same  man- 
f,  give  a  general  euner  of  their  history  (Bfoipiay). 
Eoept,  imleed,  that  in  the  former  ease  we  made 
r  commencement  by  a  description  of  man,  but  in 
B  present  instance  we  must  speak  of  him  last, 
ho  requires  most  study.  We  must  begin 
en  with  those  animals  which  bare  shells :  we  must 
\  on  to  those  which  have  softer  coverings,  as 
nstacea,  soft  animals,  and  insects;  after  these, 
hen,  both  Oviparous  and  oviparous ;  then  binls ; 
en  land  animals,  both  vivijiarous  and  oviparous." 
It  is  clear  from  this  passage  tliat  Aristotle  had 
rtain  wide  and  indefinite  views  of  clasHification, 
hich  though  not  very  exact,  are  still  highly  c«d^" 
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able  to  him ;  but  it  is  equally  clear  that  he  was  quite 
unconscious   of   the  classification    that    has    been 
ascribed  to  him.     If  he  had  adopted  that  or  any 
other  system,  this  was  precisely  the  place  in  which 
he  must  have  referred  to  and  employed  it. 

The  honour  due  to  the  stupendous  accumulation 
of   zoological   knowledge  which   Aristotle's   woib 
contain,  cannot  be  tarnished  by  our  denying  him  the 
credit  of  a  system  which  he  never  dreamt  of,  and 
which,  from  the  nature  of  the  progress  of  science 
could  not  possibly  be  constructed  at  that  period. 
But,  in  reality,   we  may  exchange   the  mistaken 
claims  which  we  have  been  contesting  for  a  better, 
because  a  truer  praise.     Aristotle  does  show,  as  fiff 
as  could  be  done  at  his  time,  a  perception  of  the 
need  of  groups,  and  of  names  of  groups,  in  the  study 
of  the  animal  kingdom ;  and  thus  may  justly  be  held 
up  as  tho  great  figure  in  the  Prelude  to  the  Fom* 
tion  of  Systems  which  took  place  in  more  advanced 
scientific  times. 

This  appears,  in  some  measure,  from  the  passage 
last  quoted.  For  not  only  is  there,  in  that,  a  clear 
recognition  of  the  value  and  object  of  a  method  in 
natural  history ;  but  the  general  arrangement  of  the 
animal  kingdom  there  proposed  has  considerable 
scientific  merit,  and  is,  for  the  time,  very  philosO' 
phical.  But  there  are  passages  in  his  work  in  which 
he  shows  a  wish  to  carry  the  principle  of  arrange- 
ment more  into  detail.  Thus,  in  the  first  Book, 
before  proceeding  to  his  survey  of  the  differences  of 
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Hmals  ",  after  speaking  of  shpIi  classes  as  quadrupeds, 
birds,  fislies,  cetaceous,  testaceous,  crustafieous  ani- 
mals, mollusks,  insects,  he  says,  (chap,  vii.) 

"  Animals  cannot  be  divided  into  large  genera,  in 
which  one  kind  includes  many  kinds.  For  some 
kinds  are  unique,  and  have  no  difference  of  species, 
as  men.  Some  have  sucli  kinds,  but  have  no  names 
for  them.  Thus  all  quadrupeds  which  have  not 
wings,  have  blood.  But  of  these,  some  are  viviparous, 
some  oviparous.  Those  which  are  viviparous  have 
not  all  hair;  those  which  are  oviparous  have  scales." 
We  have  here  a  manifestly  intentional  subordination 
of  characters :  and  a  kind  of  regret  that  we  have  not 
names  for  the  classes  here  indicated ;  such,  tor 
instance,  as  viviparous  quadrupeds  having  hair.  But 
he  follows  the  subject  into  further  detail.  "  Of  the 
class  of  viviparous  quadrupeds,"  ho  continues,  "  there 
are  many  genera",  but  these  again  are  without 
names,  except  specific  names,  such  a-s  man,  lion,  stag, 
horse,  dog,  and  the  like.  Yet  there  is  a  genus  of 
animals  that  iiavo  manes,  as  the  horse,  the  ass,  the 
oreits,  the  ginnff-s,  the  iim?ejt,  and  the  animal  which  in 
Syria  is  called  hemintts  (mule);  for  these  are  called 
mules  from  their  resemblance  only ;  not  being  mules, 
for  they  breed  of  their  own  kind.  AVherefore,"  ho 
adds,  that  is,  because  we  do  not  possess  recognised 
genera  and  generic  names  of  this  kind,  "  we  must 
take  the  species  separately,  and  study  the  nature  of 
each." 
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These  passages  afford   us   sufficient   ground   for 
placing  Aristotle  at  the  head  of  those  naturalists  to 

whom  the  first  views  of  the  necessity  of  a  zoological 
system  are  due.  It  was,  however,  very  long  before 
any  worthy  successor  appeared,  for  no  additional 
step  was  made  till  modem  times.  When  natural 
history  again  came  to  be  studied  in  nature,  the  busi- 
ness of  classification,  as  we  have  seen,  forced  itself 
upon  men's  attention,  and  was  pursued  with  interest 
in  animals,  as  in  plants.  Tlie  steps  of  its  advance 
were  similar  in  the  two  cases ; — ^by  successive  natu- 
ralists various  systems  of  artificial  marks  were  selected 
with  a  view  to  precision  and  convenience ; — and  these 
artificial  systems  assumed  the  existence  of  certain 
natural  groups,  and  of  a  natural  system  to  which 
they  gradually  tended.  But  there  was  this  difference 
between  botany  and  zoology: — the  reference  to 
physiological  principles,  which,  as  we  have  remarked 
influenced  the  natural  systems  of  vegetables  in  a 
latent  and  obscure  manner,  botanists  being  guided  by 
its  light,  but  hardly  aware  that  they  were  so,  affected 
the  study  of  systematic  zoology  more  directly  and 
evidently.  For  men  can  neither  overlook  the  general 
physiological  features  of  animals,  nor  avoid  being 
swayed  by  them  in  their  judgments  of  the.  affinities 
of  different  species.  Thus  the  classifications  ^of 
zoology  tended  more  and  more  to  a  union  vntlx  com- 
parative anatomy,  as  the  science  was  more  and  more 
improved**.     But  comparative  anatomy  belongs  to 

"  Curier,  Le9.  d'Anat.  Comp.  vol.  i.  p.  17. 
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HBb  subject  of  the  next  Book  ;  and  anytliiug  it  may 
tc  proj>er  to  say  respecting  its  influence  upon 
loological  arrangements,  will  properly  find  a  place 
there. 

It  will  appear,  and  indeed  it  hardly  requires  to  bo 

|»ed,  that  those  steps  in  systeiaatic  zoology  which 
dae  to  the  light  thrown  upon  the  subject  by 
Biology,  are  tlie  result  of  a  long  series  of  labours 
various  naturalists,  and  have  been,  like  other 
ances  in  science,  led  to  and  produced  by  the 
general  progress  of  such  knowledge.  We  can  hardly 
expect  that  the  classificatorj'  sciences  can  undergo 

f  material  improvement  which  is  not  of  this  kind. 
ry  recently,  however,  some  authors  have  attempted 
introduce  into  these  sciences  certain  principles 
which  do  not,  at  first  sight,  appear  as  a  continuation 
and  extension  of  the  previous  researches  of  compa^ 
anatomists.  1  speak,  in  particular,  of  the 
HOB  of  a  circrdar  progression  iu  the  series  of 
;  of  a  quinary  division  of  such  circular 
;  and  of  a  relation  of  analogy  between  the 
•n,  of  such  groups,  entirely  distinct  from  the 
1  of  affinity- 
"he  doctrine  of  circular  progression  has  been  pro- 
jided  principally  by  Mr.  Macleay;  although,  as 
i  sliown ",  there  are  suggestions  of  the  same 
1  to  be  found  in  other  writers.  So  far  as  this 
itrres  the  doctrine  of  a  mere  linear  progression 
wliich  would  place  each  genus  in  eon- 


'  I.inn.  Trans,  vol.  i 
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it  only  with  the  preceding  and  svicceeding  ones, 
id    so    far   a3  it  requires   us  to  attend  to  more 
iwried  and  Rimitied  resemblances,  thero  can  be  no 
doubt  that  it  is   supported  by   the  result   of  all  the 
attempts  to  form  natural  systems.      But    whether 
that  assemblage  of  circles  of  arrangement  which  ii 
now  offered  to  naturalists,  be  the  true  and  only  waj 
of  exhibiting   the    natural    relations    of    organiaed 
bodies,  is  a  much  more  diflicult  question,  and  one 
which  I  shall  not  here  attempt  to  examine ;  although 
it  will  bo  found,  I  tlunk,  that  those  analogies  of 
science  which  we  have  had  to  study,  would  not  foil 
to  Uirow  some  Hght  upon  such  an  inquiry.    The  pre- 
Talenee  of  an  invariable  numerical  law  in  the  divi- 
sions  of  natural    groups,    (as   the   number    five   is 
asserted  to  prevail  by  Mr.  Maclcay,  the  number  teh 
by  Fries,  and  other  numbers  by  other  writers.)  would 
be  a  curious  fact,  if  established  ;  but  it  is  easy  to 
that  nothing  short  of  the  most  consummate  Tcnow- 
ledge  of  natural  history,  joined  with  extreme  clear- 
ness of  view  and  calmness  of  judgment,  could  enable 
any  one  to  pronounce  on  the  attempts  which  have 
been  made  to  establish  such  a  principle.     But  the 
doctrine  of  a  relation  of  analogy  distinct  from  affinity, 
in  the  manner  wliich  has  recently  been  taught,  seems 
to  be  obviously  at  variance  with  that  gradual  apjiroxi- 
mation    of  the    classificator)-   to    the    physiological 
sciences,  which  has  appeared  to  ufl  to  l>e  the  general 
tendency  of  real  knowledge.     It  seems  difficult  tO 
imderetand  how  a  reference   to   such    relations  &a 
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those  which  are  offered  as  examples  of  analogy**, 
can  be  otherwise  than  a  retrograde  step  in  science. 

Without,  however,  now  dwelling  upon  these 
points,  I  will  treat  a  little  more  in  detail  of  one  of 
the  branches  of  Zoology. 

**  For  example,  the  goatsucker  has  an  qffinUy  with  the 
swallow;  but  it  has  an  analogic  with  the  bat,  because  both  flj 
at  the  same  hour  of  the  day,  and  feed  in  the  same  manner. 
Swainson,  Geography  and  Classification  of  Animals^  p.  1S9. 
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CHAPTER  VII. 

The  Progress  of  Ichthyology. 

If  it  had  been  already  observed  and  admitted  that 
sciences  of  the  same  kind  follow,  and  must  follow, 
the  same  course  in  the  order  of  their  developement, 
it  would  be  unnecessary  to  give  a  history  of  any  spe- 
cial branch  of  systematic  zoology ;  since  botany  has 
already  afforded  us  a  sufficient  example  of  the  pro- 
gress of  the  classificatory  sciences.     But  we  may  he 
excused  for  introducing  a  sketch  of  the  advance  of 
one  department  of  zoology,  since  we  are  led  to  the 
attempt  by  the  peculiar  advantage  we  possess  in 
having  a  complete  history  of  the  subject   written 
vnth  great  care,  and  brought  up  to  the  present  time, 
by  a  naturalist  of  unequalled   talents   and    know- 
ledge.    I  speak  of  Cuvier's  "  Historical  View  of  Ich- 
thyology," which  forms  the  first  chapter  of  his  great 
work  on  that  part  of  natural  history.     The  place  and 
office  in   the   progress   of   this    science,   which    is 
assigned  to  each  person  by  Cuvier,  will  probably  not 
be  lightly  contested.     It  will,  therefore,  be  no  small 
confirmation  of  the  justice  of  the  views  on  which 
the  distribution   of  the   events   in   the  history  of 
botany  was  founded,  if  Cuvier's  representation  of  the 
history  of  ichthyology  offers  to  us  obviously  a  distri- 
bution almost  identical. 

We  shall  find  that  this  is  so ; — ^that  we  have,  in 
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Zoology  as  in  Ijotany,  a  period  of  unsystematic  know- 
Bdpe ;  a  period  of  misapplied  erudition ;  an  epoch 
f  the  discovery  of  fixed   characters ;   a   period  in 

which  many  systems  were  put  forwards ;  a  struggle 
Wtt  au  artificial  and  a  natural  metliod ;  and  a  gradual 

tendency  of  the  natural  method  to  a  manifestly  phy- 
iologic^il  character.  A  few  references  to  Cuvier's 
tBtory  will  enable  us  to  illustrate  these  and  other 

'  Period  of  Urmfstematic  lOioti^kdfje. — It  would  be 
easy  to  coUect  a  number  of  the  fabulous  stories  of 
early  times,  whicli  ftiruied  a  portion  of  the  imaginary 
hnmcledtje  of  men    concerning  animals   as  well   as 
Lflants.     But  pas!<ing  over  these,  we  come  to  a  long 
ffiod  and  a  great  collection  of  writers,  who,  in  vari- 
ns  ways,  and  with  various  degrees  of  merit,  contri- 
ote<I  to  augment  the  knowledge  which  existed  con- 
•ning  fisli,  while  as  yet  there  was  hardly  ever  any 
tempt  at  a  clossitication  of  that  province  of  the 
limal  kingdom.     Among  these  writers,  Aristotle  is 
■  far  the  most  important.     Indeed  he  carried  on 
zoological    researches    under   advantages  which 
■eiy  fall  to  the  lot  of  the  naturalist ;  if  it  be  true, 
I  Athenseus  and  Pliny  state-  Alexander  gave  him 
MB  which  amounted  to  nine  hundred  talents  to 
table  him  to  collect  materials  for  his  history  of 
Dumals,  and  put  at  his  disposal  several  thousands  of 
toen  to  be  employed  in  hunting,  fishing,  and  pro- 
ring  information  for  him.     The  works  of  his  on 

'  CuY.  Hist.  Nat.  dee  Poissons,  i.  13. 


Natural  }IUtot7  vhicli  remaiu  to  ta  are,  nino  Bool 
"  Of  the  History  of  AnimftlR,"  four  "  On  tlie  I 
of  AnimaK"  five  "  On  the  Generation  of  Animal^ 
one  "  On  tlie  Going  of  Animnls."  one  "  Of  the  t 
Mtions,  and  the  Organs  of  them,"  one  *'  On  Sleeini 
and  AVaking,"  one  "  On  the  Sfotion  of  Aninuli 
one  "  On  the  Length  and  Shortness  of  Life,"  < 
"  On  Youth  and  Old  Age,"  one  "  On  Life  i 
Death,"  one  "  On  Respiration ."  The  knowledge 
the  extenial  and  internal  conformation  of  unii 
their  habits,  instincts,  and  uses,  ^rliich  Aristotle  d 
plays  in  these  works,  is  S])okcn  of  m  somethh 
wonderful  even  to  the  naturalists  of  our  own  tin 
And  he  may  be  taken  as  a  sufficient  representati' 
of  the  wholu  of  the  period  of  which  wo  fipeak ; 
he  is,  says  Cuvier',  not  only  the  first,  but  the  c 
one  of  the  ancients  who  has  treated  of  the  : 
history  of  fishes  (the  province  to  which  we  nowc 
fine  ourselves.)  in  a  ecientific  point  of  view,  and  In 
way  which  shows  genius. 

We  mai'  pass  over,  therefore,  the  other  anci«t 
authors  from  whose  writings  Cuvior,  with 
learning  and  sagacity,  has  levied  contributions  to  t 
!ii«tory  of  ichthyology  ;  as  Tlieojilirastus,  Ovid,  PliB 
Oppian,  Athenteue,  ^lian,  Ausonius.  Galen. 
may,  too,  leave  unnoticed  the  compilers  of  the  mid( 
ages,  who  did  little  but  alistract  and  disfigure  t 
portions  of  natural  history  which  they  found  in  t 
ancients.     Ichtliyological,  like  other  knowledge,  ■« 

•  tlur.  p.  10. 
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!«!ly  sought  except  iu  books,  and  on  that  \cry 
account  was  not  uiuleretood  when  it  was  found. 

Period  of  Erudition. — Better  times  at  length 
came,  and  men  began  to  obeerve  nature  for  them- 
Belvee.  The  three  great  authors  who  are  hehl  to  be 
the  founders  of  modern  ichthyology,  appeared  in  the 
middle  of  the  sixteenth  century ;  these  were  Belon, 
Rondelct,  and  Salviani,  who  all  published  about 
1555.  All  the  tliree,  very  different  from  the  com- 
pilers who  filled  the  interval  from  Aristotle  to  them, 
themselves  saw  and  examined  the  fishes  which  they 
describe,  and  have  given  faithful  representations  of 
tliem.  But  resembling  in  that  respect  the  founders 
of  modern  botany,  Brasavola,  Ruellius,  Tragus,  and 
others,  they  resembled  them  in  this  also,  tliat  they 
attempto<l  to  make  their  own  observations  a  com- 
mentary upon  the  ancient  writers.  Faithtiil  to  tho 
siiirit  of  their  time,  they  are  far  more  careful  to 
make  out  the  names  which  each  fish  bore  in  the 
ancient  world,  and  to  bring  together  scraps  of  their 
hi.'story  from  the  authors  in  whom  those  names  occur, 
than  to  de8cri))6  them  in  a  lucid  manner;  so  that 
without  their  figures,  says  Cuvier,  it  would  be  almost 
as  difficult  to  discover  their  species  as  those  of  the 
ancients. 

The  difficulty  of  describing  and  naming  species  so 
that  they  can  be  recognised,  is  little  appreciated  at 
first,  although  it  is  in  reality  the  main-spring  of  the 
progress  of  the  sciences  of  classification.     Aristotle' 

«er  dreamt  that  the  nomenclature  wliich  was  in 

*  Cuvier,  p.  17- 
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use  in  his  time  could  ever  become  obscure ;  hence 
he  has  taken  no  precaution  to  enable  his  readers  to 
recognise  the  species  of  which  he  speaks;  and  in 
him  and  in  other  ancient  authors,  it  requires  mndi 
labour  and  great  felicity  of  divination  to  determine 
what  the  names  mean.  The  perception  of  this  difli- 
culty  among  modem  naturalists  led  to  systems,  and 
to  nomenclature  founded  upon  system ;  but  these 
did  not  come  into  being  immediately  at  the  time  of 
which  we  speak ;  nor  till  the  evil  had  grown  to  a 
more  inconvenient  magnitude. 

Period  of  Accumulation  of  Materials.  JEjpotie 
Collections. — ^The  fishes  of  Europe  were  for  some 
time  the  principal  objects  of  study;  but  those  of 
distant  regions  soon  came  into  notice  \  In  the 
seventeenth  century  the  Dutch  conquered  Brazil, 
and  George  Margrave,  employed  by  them,  described 
the  natural  productions  of  the  country,  and  espe- 
cially the  fishes.  Bontius,  in  like  manner,  described 
some  of  those  of  Batavia.  Thus  these  writers  cor- 
respond to  Rumphius  and  Rheede  in  the  history  of 
botany.  Many  others  might  be  mentioned ;  but  we 
must  hasten  to  the  formation  of  systems,  which  is 
our  main  object  of  attention. 

Epoch  of  the  Firation  of  Characters.  May  and 
WiUoughby. — In  botany,  as  we  have  seen,  though 
Ray  was  one  of  the  first  who  invented  a  con- 
nected system,  he  was  preceded  at  a  considerable 
interval  by  Caesalpinus,  who  had  given  a  genuine 
solution  of  the  same  problem.     It  is  not  difficult  to 

*  Cut.  p.  43. 
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1  reasons  why  a  sound  classification  bIiouIiI  be 
discovered  for  plants  at  an  earlier  jjeriod  than  for 
fishes.  Tlie  vastly  greater  number  of  the  kno^^^l 
species,  and  the  facilities  which  belong  to  the  study 
of  vegetable?,  give  the  botanist  a  great  advantage ; 
and  there  are  numerical  relations  of  a  most  definite 
kind,  (for  instance,  the  number  of  parts  of  the  seed- 
vessel  employed  Cassalpinits  as  one  of  the  bases  of 
his  system,)  which  are  tolerably  obvious  in  plants, 
but  which  are  not  easily  discovered  in  animals.  And 
thus  we  find  that  in  ichthyology,  Ray,  with  his  pupil 
and  friend  Willoughby,  appears  as  the  first  founder 
of  a  tenable  system*. 

The  first  great  division  in  this  system  is  into 
cartilaginous  and  bony  fishes;  a  primai-y  division, 
which  had  been  recognised  by  Aristotle,  and  is  re- 
tained by  Culler  in  his  latest  labours.  The  subdivi- 
sions are  determined  by  the  general  form  of  the 
fish,  (as  long  or  flat,)  by  the  teeth,  the  presence  or 
absence  of  ventral  fins,  the  number  of  dorsal  fins, 
and  the  nature  of  the  spines  of  the  fina,  as  soft  or 
prickly.  Most  of  these  characters  have  preserved 
their  importance  in  later  systems;  especially  the 
last,  which,  under  the  terms  malacopierifgian  and 
aratithopteri/giaii,  holds  a  jdace  in  the  best  recent 
arrangements. 

Tliat  this  system  was  a  tnie  first  approximation 


HcT 


FranciBci   Willoughbcii,    Armigeri,  de    Ilistoria  Piscium, 
ir.  juasu  et  euinptibua  Societatis  Rcgitc  I.ondineiisis  cdid, 
Toluni  opUH  recognovit,  conptarit,  supplevit,  libnun  etium 
primuu  at  secundum  adjccit  Joh.  Raius.     Uxfurd,  lti86. 


to  a  solution  of  the  problem,  appears  to  be  allows 
by  naturaliats.  Although,  says  Cuvior',  there  are  i 
it  no  genera  well  defined  and  M-ell  limited,  still  i 
many  places  the  species  are  brought  together  vei 
naturally,  and  in  euch  a  way  that  a  few  words  i 
explanation  would  suffice  to  form,  from  the  grou| 
thus  presented  to  us,  several  of  the  genera  whi« 
have  since  been  received.  Even  in  botany,  aa  » 
have  seen,  genera  were  hardly  maintained  with  u 
degree  of  precision,  till  the  binary  nomenclature  o 
Linna-us  made  tliis  division  a  matter  of  such  immeoM 
convenience. 

The  amount  of  this  convenience,  the  value  of 
brief  and  sure  nomenclature,  had  not  yet  been  dul 
estimated.  The  work  of  Willougliby  forms  an  epoch 
and  a  happy  ei>och,  in  the  liistory  of  ichthyology ;  fa 
the  science,  once  systoniatized,  could  distinguish  tl 
new  from  the  old,  nrraiigG  methodically,  descril 
clearly.  Yet,  because  Willongiihy  had  no  nomei 
clature  of  his  own,  and  no  fixed  name  for  his  geaer 
his  immediate  influence  nus  not  great.  I  will  at 
attempt  to  trace  this  influence  in  succeeding  authoi 
but  jiroceed  to  the  next  important  step  id  tt 
progress  of  system. 

Improvement  of  the  Si/stem.  ArtedU — .P< 
Artcdi  was  a  countryman  and  intimate  friend  ( 
Linuteus;  and  rendered  to  ichthyology  nearly  th 
same  Bervices  which  Linua;us  rendered  to  botanj 
In  his  Philvnophia  fchtki/fihifica,  he  analyzed"  all  th 
interior  and  exterior  parts  of  animals ;  he  created 
'  CuYler,  p.  67.  '  p.  58.  •  p.  20. 
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precise  terminology  for  the  different  forme  of  which 
these  parts  are  ausceptilile ;  he  laid  down  rules  for 
the  nomenclature  of  genera  and  species ;  besides  bis 
improvements  of  the  subdivision  of  the  class.  It  is 
inijiossible  not  to  be  struck  with  the  close  resem- 
blance between  these  steps,  and  those  which  are 
due  to  the  Fundamenta  Botanica.  The  latter  work 
appeared  in  1736,  the  former  was  publiBhcd  hy  Lin- 
niPiis,  after  the  death  of  the  author,  in  1738;  but 
LinniEUS  bad  already,  as  early  as  1735,  made  use  of 
Artcdi's  manuscripts  in  the  ichthyological  part  of 
bis  Sf/.i(ema  Naturee.  M'^e  cannot  doubt  that  the  two 
young  naturalists,  (they  were  nearly  of  the  same 
age,)  must  have  bad  a  great  influence  u])on  each 
others  views  and  labours ;  and  it  would  bo  difficult 
now  to  ascertain  what  portion  of  the  peculiar  merits 
of  the  Linnican  reform  was  derived  from  Artedi.  But 
we  may  remark  that,  in  ichthyology  at  least,  Artedi 
appears  to  have  been  a  naturalist  of  more  original 
views  and  profounder  philosophy  than  his  friend  and 
editor,  who  afterM'ards  himself  took  up  the  subject. 
The  reforms  of  Linnwus,  in  all  parts  of  natural  his- 
tory, appear  as  if  they  were  mainly  dictated  by  a  love 
of  elegance,  symmetry,  clearness,  and  definiteness; 
hut  the  imi>rovement  of  the  ichthyological  system 
by  Artedi  seeuin  to  have  been  a  step  in  tlie  progress 
to  a  nntund  arrangement.  His  genera',  which  are 
forty-five  in  lumiber,  are  so  well  constituted,  that 
f  have  alni'ist  all  been  jireserved ;  and  the  sub- 
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(livisifnis  wliicli  the  constantly-increasing'  number 
8i)ecie8  has  comiM.'lk'fl  his  successors  to  introducflf 
have  very  rarely  been  such  tliat  they  have  led  to  the 
tmnsjiosition  of  his  genera. 

In  its  hasex,  however,  Artedi's  was  an  artifieii 
system.  His  characters  were  positive  and  deciaw 
founcied  in  general  upon  the  nuralier  of  rays  of  tU 
memlirane  of  the  gills,  of  which  he  was  the  first  f 
mark  the  importance; — upon  the  relative  jiositioi 
of  the  fins,  upon  their  number,  upon  the  part  of  the 
mouth  where  the  teeth  are  found,  upon  the  conibr- 
mation  of  the  scales.  Yet,  in  some  cajies,  lie  hi 
recourse  to  the  interior  anatomy. 

Linufous  himself  at  first  did  not  venture  to  deviattt' 
from  the  footsteps  of  a  friend,  who,  in  tliis  scienc*^, 
had  been  his  master.  But  in  1758,  in  the  tentil 
edition  of  the  Si/stema  Naturtr,  he  chose  to  depend 
upon  himself,  and  devised  a  new  ichthyolo^cd 
method.  He  divided  some  genera,  united  otbei 
pave  to  the  species  trivial  names  and  cliaracterist 
phrases,  and  added  many  species  to  those  of  Artedl 
Yet  his  innovations  are  for  the  most  part  disapprov) 
of  by  Cuvier ;  as  Iiia  transferring  the  cltondropterygiaii 
fishes  of  Artedi  to  the  class  of  reptiles,  under  th< 
title  of  Amphibia  nanlcs;  and  Iiis  rejecting  the  difl 
tinction  of  acanthopterygian  and  malacopterygiad 
which,  as  wu  liavo  seen,  had  prevailed  from  the  tinw 
of  Willoughby,  and  introducing  in  its  stead  a  dia 
tribution  founded  on  the  presence  or  absence  of  thft 
[  ventral  fins,  and  on  their  situation  with  regard 
■  the  pectoral  fins.     "Nothing,"  says  Cuvier,  "more: 


PROGRESS   OF    ICnTHYOLOOY. 


865 


.  the  true  connexions  of  genera  than  these 
orders  of  apodes,  jugidares,  Ihoraavi,  anil  aOdominaks." 

Thus  Linna.>u»,  though  acknowledging  the  value 
and  importance  of  natural  orders,  was  not  happy  in 
his  attempt  to  construct  a  system  which  should  lead 
to  thcni.  In  his  detection  of  good  characters  for  an 
artificial  system  he  was  more  fortunate.  lie  was 
always  attentive  to  number,  as  a  character;  and  ho 
had  the  very  great  merit'"  of  noticing  the  number 
of  rays  of  the  tins  of  each  species.  This  mark  is  one 
of  great  importance  and  use.  And  this,  as  well  as 
other  branches  of  natural  history,  derived  incalcu- 
lable advantages  from  the  more  general  merits  of 
tho  illustrious  Swede"; — the  precision  of  the  cha- 
racters, the  convenience  of  a  well  settled  terminology, 
the  facility  afforded  by  the  binary  nomenclature. 
These  recouiuiendations  gave  him  a  pre-eminence 
whicii  was  acknowle<lged  by  almost  all  the  naturalists 
of  his  time,  and  displayed  by  the  almost  miivcrsnl 
adoption  of  his  nomenclature,  in  zoology,  as  well  as 
in  botany;  and  by  the  almost  exclusive  employment 
of  his  distributions  of  classes,  however  imperfect  and 
artiticial  they  might  be. 

And  even"  if  LinuKus  had  had  no  other  merit 
than  the  impulse  he  gave  to  the  pursuit  of  natural 
science,  this  alone  would  suffice  to  immortalize  his 
name.  In  rendering  natural  history  ea*iy,  or  at  least 
in  making  it  ajjiwar  so,  he  dilftised  a  general  taste 
for  it.  The  great  took  it  up  with  interest;  the 
,  full  of  ardour,  rushed  forwards  in  all  direc- 
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tions,  with  the  sole  intention  of  completing  big 
system.  The  civilized  world  was  eager  to  build  the 
edifice  which  Linnicus  had  planned. 

This  spirit,  among  other  results,  produced  voyages 
of  natural  historical  research,  sent  forth  by  nations 
and  sovereigns.  George  the  Third  of  England  had 
the  honour  of  setting  the  example  in  this  noble 
career,  by  sending  out  the  expeditions  of  Byron, 
Wallis,  and  Carteret^  in  1765.  Tliese  were  followed 
by  those  of  Bougainville,  Cook,  Forster,  and  others. 
Russia  also  scattered  several  scientific  expeditions 
through  her  vast  dominions ;  and  pupils  of  Linnaeus 
sought  the  icy  shores  of  Greenland  and  Iceland,  in 
order  to  apply  his  nomenclature  to  the  productions 
of  those  climes.  But  we  need  not  attempt  to 
convey  any  idea  of  the  vast  stores  of  natural  his- 
torical treasures  which  were  thus  collected  from 
every  part  of  the  globe. 

I  shall  not  endeavour  to  follow  Cuvier  in  giving 
an  account  of  the  great  works  of  natural  history  to 
which  this  accumulation  of  materials  gave  rise ;  such 
as  the  magnificent  work  of  Bloch  on  Fishes,  which 
appeared  in  1782 — 1785:  nor  need  I  attempt^  by 
his  assistance,  to  characterize  or  place  in  their  due 
position  the  several  systems  of  classification  proposed 
about  this  time.  But  in  the  course  of  these  various 
essays,  the  distinction  of  the  artificial  and  natural 
methods  of  classification  came  more  clearly  into 
view  than  before ;  and  this  is  a  point  so  imj)ortant 
to  the  philosophy  of  the  subject,  that  we  must  devote 
a  few  words  to  it. 
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Sepm-afion  nfflte  Artificial  and  Nniiirnl  Methods  itt 
IfJil/iyfj/i)efi/, — It  has  already  been  said  that  all  sa- 
called  artificial  methods  of  classification  must  be 
natural,  at  least  as  to  the  narrowest  membcrB  of  the 
systODi :  thus  the  artificial  Linna-an  method  is  natural 
as  to  ppecies,  and  even  as  to  genera.  And  on  the 
other  liatid,  all  i)roi)08ed  natural  methods,  so  long  as 
they  remain  unmodified,  are  artificial  as  to  their  cha- 
racterietie  marlcH.  Thus  a  Natural  Method  is  an  at- 
tempt to  provide  positive  and  distinct  characters  for 
the  wider  as  weil  as  for  the  narrower  natural pvups. 
These  considerations  are  applicable  to  zoolo^  as  well 
ta  to  botany.  But  the  question,  how  we  know  natural 
groups  before  we  find  marks  for  them,  was,  in  botany, 
as  we  have  seen,  susceptible  only  of  vague  and 
obscure  answers : — the  mind  forms  them,  it  was  said, 
by  taking  the  aggregate  of  all  the  characters;  or  by 
establishing  a  subordination  of  characters.  And  each 
of  these  answers  had  its  difficulty,  of  which  the  solu- 
tion a])peared  to  be,  that  in  attempting  to  form 
natural  orders  we  are  really  guided  by  a  latent  unde- 
veloped estimate  of  physiological  relations.  Now 
this  principle,  which  was  so  dimly  seen  in  the  study 
of  vegetables,  shines  out  with  much  greater  clearness 
when  we  come  to  the  study  of  animals,  in  which  tlie 
physiolo^oal  relations  of  the  })arts  are  so  manifest 
that  they  cannot  be  overlooked,  and  have  so  strong 
an  attraction  for  our  curiosity  that  we  cannot  help 
having  our  judgments  influenced  by  them.  Hence 
the  superiority  of  natural  systems  in  zoology  would 
probably   be  far  more   generally   allowed    thau    iu 


m/ke 


;  and  no  arrangement  of  animals  which,  in  a 
"Wge  number  of  instanres,  violateil  stroninr  and  clew 
natural   nflinities,    would    be    tolerated    )>ecaitfie  it 
-answered  the  purpose  of  enabling  ua  easily  to  fiad 
fee  name  and  place  of  the  animal  in  the  artjficwl 
5'9tem.     Every   system   of  zoological  arrangenunt 
may  be  sup]>osed  to  aspire  to  be  a  natural  sjrstem. 
But  according  to  the  various  habits  of  tlie  minds  of 
systematizers,  this  object  was  pursued  more  ot  keg 
steadily  and  succesBfuUy ;  and  these  diftereuces  came 
more  and  more  into  view  with  the  inereasc  of  know- 
^Uedge  and  the  multiplication  of  attempts. 
^^    Bloch,  whosi'  ichtliyologieal  labours  have  been  men- 
H.'tioned,  followed  in  his  great  nork    the  method  of 
Bliinua!us.     But  towards  the  end  of  his  life  he  bad 
H|)repared  a  general  system,  founded  ujion  one  single 
Bnumerical  principle ; — the  number  of  tiiis ;  ju£t  (is 
Vthc  sexual  system  of  Linnrcus  is  founded  upon  the 
number  of  stamina:  and  he  made  his  subdivinons 
according  to  the  position  of  the  ventral  and  i>ectoral 
I  fins;  the  same  character  which  Linntcus   had  etn- 
^oyed  for  his  primary  division.     lie  could  not  have 
iflone  better,  says  Cuvier",  if  his  object  had  been  to 
urn  into  ridicule  all  artificial  methods,  and  to  show 
i  what  absurd  combinations  they  may  lead. 
Cuvier  himself,  who  always  pursued  natural  sys- 
tems with  a  singularly  wise  and  sagacious  consistonoy, 
Ittempted  to  improve  the  ichthyological  arrangements 
■rhicli  had  been  ]iropo8ed  before  him.     In  his  Jtegne 
^Htmal,  published  iu  1817,  he  attempts  the  probl^))^, 
"  ji.  108. 
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of  arranging  this  class ;  and  the  views  suggested  to 
him,  both  by  his  successes,  and  his  failures,  are  so 
instructive  and  philosophical,  that  I  cannot  illustrate 
the  subject  better  than  by  citing  some  of  them. 

"The  class  of  fishes,"  ho  says",  "is,  of  all,  that 
which  offers  the  greatest  difBeulties,  when  we  wihU 
to  subdivide  it  into  orders,  according  to  fixed  and 
obvious  characters.  After  many  trials,  I  have  deter- 
mined on  the  following  distribution,  which  in  some 
instances  is  wanting  iu  precision,  but  which  possesses 
the  advantage  of  keeping  the  natural  families  entire. 

*'  Fish  form  two  distinct  series; — that  of  fish  pro- 
perly so  called,  and  that  of  chondropterygians  or 
cartilaginous  fish. 

"Thc^rst  of  these  series  has  for  its  character,  that 
the  palatine  hones  replace,  in  it,  the  bones  of  the 
upper  jaw:  moreover  the  whole  of  its  structure  has 
evident  analogies,  which  we  shall  explain. 

"It  divides  itself  into  three  orders: 

"The  Cyclostomes,  in  which  the  jaws  are  soldered 
(noudees)  into  an  immoveable  ring,  and  the  bronchiee 
are  open  in  numerous  holes. 

"  The  Sei^cians  which  have  the  bronchia;  like  the 
preoeding,  but  not  the  jaws. 

"  The  Stuhonians,  in  which  the  bronchia?  are  open 
08  u^ual  by  a  slit  furnished  witli  an  operculum. 

"  The  second  series,  or  that  of  ordinary  JisJics,  oflers 
mo,  in  the  first  |dace,  a  primary  division,  into  those 
of  which  the  maxillary  bone  and  the  palatine  arch 
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are  dovetailed  {engrenes)  to  the  skull.  Of  these  I 
make  an  order  of  Pectognaths,  divided  into  two 
ftimilies ;  the  gymnodonts  and  the  sderoderms. 

"  After  these  I  have  the  fishes  Mith  complete  jaws, 
but  with  bronehiffi  which,  instead  of  having  the  form 
of  combs,  as  in  all  the  others,  have  the  form  of  a 
series  of  little  tufts  (houppes).  Of  these  I  again 
form  an  order,  which  I  call  Lophobranchs,  which 
only  includes  one  family. 

"  There  then  remains  an  innumerable  quantity  of 
fishes,  to  which  we  can  no  longer  apply  any  characters 
except  those  of  the  exterior  organs  of  motion.  After 
long  examination,  I  have  found  that  the  least  bad  of 
these  characters  is,  after  all,  that  employed  by  Ray 
and  Artedi,  taken  from  the  nature  of  the  first  rays 
of  the  dorsal  and  of  the  anal  fin.  Thus  ordinary 
fishes  are  divided  into  Malac?opterygians,  of  which 
all  tlie  rays  are  soft;,  except  sometimes  the  first  of 
the  dorsal  fin  or  the  pectorals ; — and  Acanthoptery- 
GiANS,  which  have  always  the  first  portion  of  the 
dorsal,  or  of  the  first  dorsal  when  there  are  two, 
supported  by  spinous  rap,  and  in  which  the  anal  has 
also  some  such  rays,  and  the  ventrals,  at  least, 
each  one. 

"  The  former  may  be  subdi^dded  without  inconve- 
nience, according  to  their  ventral  fins,  which  are 
sometimes  situate  behind  the  abdomen,  sometimes 
adherent  to  the  apparatus  of  the  shoulder,  or,  finally, 
are  sometimes  wanting  altogether. 

"  We  thus  arrive  at  the  three  orders  of  Abdominal 
Malacopterygians,  of  Subbrachians,  and  of  Apo- 


1  each  of  which  incln<los  sonio  natural  femilies 
Ich  Wo  ehali  explain:  tho  first,  especially,  is  very 
merftus. 

*'  But  thifi  basis  of  division  Is  absolutely  im|tmctloa- 
ble  with  the  acanthopterygiaus ;  and  the  problem  of 
establishing-  among  these  any  other  subdivision  than 
that  of  the  natural  families  has  hitherto  remained  fbr 
me  insoluble.  Fortunately  several  of  these  families 
offer  characters  almost  as  precise  as  those  which  we 
*oiiltl  give  to  tiiio  orders. 
iHbl' In  truth,  wc  canuot  assign  to  the  families  of 
^Hpfeg,  ranks  as  marked,  as  for  example,  to  those  of 
TOammiferp.  Thus  the  chondropterygians  on  the  ono 
hand  hold  to  rejjtiles  by  the  organs  of  the  senses, 
and  by  those  of  generation  in  some ;  and  they  are 
related  to  mollusks  and  worms  by  the  imperfection 
«f  tho  skeleton  in  others. 

^#  As  to  orilinary  fishes,  if  any  part  of  the  organiza- 
m  is  found  more  developed  in  some  than  in  others, 
ere  does  not  rcsidt  from  this  any  pre-eminence 
Bufficiently  marked,  or  of  sufficient  influence  upon 
their  whole  system,  to  oblige  us  to  consult  it  in  the 
methodical  arrangement- 

"  Wc  shall  place  them,  therefore,  nearly  in  the 
^HSot  in  which  we  have  Just  explained  their 
^Btacters." 

^^I  have  extracted  the  whole  of  this  passage,  because, 
tbough  it  is  too  technical  to  be  understood  in  detail 
f  the*  general  reader,  those  who  have  followed  with 
f  Interest  the  history  of  the  attempts  at  a  natural 
IDS 
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classification  in  any  department  in  nature,  will  see 
here  a  fine  example  of  the  problems  which   such 
attempts  propose,  of  the  difficulties  which  it  may 
present,  and  of  the  reasonings,  labours,  cautions,  and 
varied  resources,  by  means  of  which  its   solution  is 
sought,  when  a  great  philosophical  naturalist  girds 
himself  to  the  task.    We  see  here,  most  instructively, 
how  different  the  endeavour  to  frame  such  a  natural 
system,  is  from  the  procedure  of  an  artificial  system, 
which  carries  imperatively  through  the  whole  of  a 
class  of  organized  beings,  a  system  of  marks  either 
arbitrary,  or  conformable  to  natural  affinities  in  a 
partial  degree.     And  we  have  not  often  the  advan- 
tage of  having  the  reasons  for  a  systematic  arrange- 
ment so  clearly  and  fully  indicated,  as  is  done  here, 
and  in  the  descriptions  of  the  separate  orders. 

This  arrangement  Cuvier  adhered  to  in  all  its 
main  points,  both  in  the  second  edition  of  the  Regne 
Animaly  published  in  1821,  and  in  his  Histoire  Natiir 
rcUe  des  Poissons,  of  which  the  first  volume  was  pub- 
lished in  1828,  but  which  unfortunately  was  not  com- 
pleted at  the  time  of  his  death.  It  may  be  supposed, 
therefore,  to  be  in  accordance  with  those  views  of 
zoological  philosophy,  which  it  was  the  business  of 
his  life  to  form  and  to  apply ;  and  in  a  work  like  the 
present,  where,  upon  so  large  a  question  of  natural 
history,  we  must  be  directed  in  a  great  measure  by 
the  analogy  of  the  history  of  science,  and  by  the 
judgments  which  seem  most  to  have  the  character  of 
wisdom,  we  appear  to  be  justified  in  taking  Cuvier's 
ichthyological  system  as  the  nearest  approach  which 
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has  yet   been   made  to  a  natural  method  in  that 
department. 

The  tnie  natural  method  is  only  one:  arti&cial 
methods,  and  even  good  ones,  there  may  be  many,  as 
we  have  seen  in  botany ;  and  each  of  these  may  have 
its  advantages  for  some  particular  use.  On  some 
methods  of  this  kind,  on  which  naturalists  them- 
selves have  hardly  yet  had  time  to  form  a  stable  and 
tlistiuct  opinion,  it  is  not  our  office  to  decide.  But 
judging,  as  I  have  already  said,  from  the  general 
analogy  of  the  natural  sciences,  I  find  it  difficult  to 
conceive  that  the  ichthyological  method  of  M.  Agas- 
siz,  recently  propounded  with  an  especial  reference 
to  fossil  fishes,  can  be  otherwise  than  an  artificial 
method.  It  is  founded  entirely  on  one  part  of  tho 
animal,  its  scaly  covering,  and  even  on  a  single  scale. 
It  does  not  conform  to  that  which  almost  all  syste- 
matic ichthyologists  hitherto  have  considered  as  a 
pennanent  natural  distinction  of  a  high  order ; — the 
distinction  of  bony  and  cartilaginous  fishes ;  for  it  is 
stated  that  each  order  contains  examples  of  both". 
I  do  not  know  wliat  general  anatomical  or  physiolo- 
gical tmtha  it  brings  into  view ;  but  they  ought  to  bo 
verj'  important  and  striking  ones,  to  entitle  them  to 
supersede  those  which  led  Cuvier  to  his  system.  To 
this  I  may  add,  that  the  new  ichthyological  classi- 
fication does  not  seem  to  form,  as  we  should  expect 
that  any  great  advance  towards  a  natural  system 
would  tbrni,  a  connected  sequel  to  the  past  history  of 
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ichthyology ;-—«  step  to  which  anterior  discoveries 
and  improvements  have  led,  and  in  which  they  are 
itetained. 

But  notwithstanding  these  considerations,  the 
method  of  M.  Agassiz  has  probably  very  great 
advantages  for  his  purpose ;  for  in  the  case  of  fossil 
fish,  the  parts  which  are  the  basis  of  his  system  often 
remain,  when  even  the  skeleton  is  gone.  And  we 
may  here  again  refer  to  a  princii)le  of  the  classifica- 
tory  sciences,  which  we  cannot  make  too  prominent ; 
-—all  arrangements  and  nomenclatures  aro  good, 
which  enable  us  to  assert  general  propositions. 
Tried  by  this  test,  we  cannot  fail  to  set  a  high  value 
on  the  arrangement  of  M.  Agassiz ;  for  propositions 
of  the  most  striking  generality  respecting  fossil 
remains  of  fish,  of  which  geologists  before  had  never 
dreamt,  are  enunciated  by  moans  of  his  groups  and 
names.  Thus  only  the  two  first  onlers,  the  PlacdU 
dians  and  Gandidimi^^  existed  before  the  commence- 
ment of  the  cretaceous  formation :  the  third  and 
fourth  orders,  the  Ctenoidians  and  CydcidianSy  which 
contain  three  fourths  of  the  eight  thousand  known 
species  of  living  Fishes,  appear  for  the  first  time  in 
the  cretaceous  formation :  and  other  geological  relar 
tlons  of  these  orders,  no  less  remarkable,  have  been 
ascertained  by  M.  Agassiz. 

But  we  have  now,  I  trust,  pursued  these  sciences 
of  classification  sufficiently  far ;  and  it  is  time  for  us 
to  enter  upon  that  higher  domain,  of  Physiology,  to 
which,  as  we  have  said,  Zoology  so  irresistiblj 
directs  us. 
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AND 
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Fearful  and  wondrous  is  the  skill  which  moulds 

Our  body's  vital  plan, 
And  from  the  first  dim  hidden  germ  unfolds 

The  perfect  limbs  of  man. 
Who,  who  can  pierce  the  secret  ?  tell  us  how 

Something  is  drawn  from  nought, 
Life  from  the  inert  mass  ?     Who,  Lord !  but  thou. 

Whose  hand  the  whole  has  wrought  ? 
Of  this  corporeal  substance,  still  to  be. 

Thine  eye  a  survey  took ; 
And  all  my  members,  yet  unformed  by  thee. 

Were  written  in  thy  book. 

Psalm  cxzxiz.  13 — 16. 


Of  the  Organical  Sciences. 


Though  the  general  notion  of  life  is  acknowledged 
by  the  most  profound  philosopliers  to  be  dim  and 
mysterious,  even  up  to  the  present  time ;  and  must, 
in  the  early  stages  of  human  speculation,  have  been 
still  more  obscure  and  confused ;  it  was  sufficient, 
even  then,  to  give  interest  and  connexion  to  men's 
obser^'ations  upon  their  own  bodies  and  those  of 
other  animals.  It  was  seen,  that  in  living  tilings, 
certain  peculiar  processes  were  constantly  repeated, 
ae  those  of  breathing  and  of  taking  food,  for 
example ;  and  that  a  certain  conformation  of  the 
parts  of  the  animal  was  subser^nent  to  these  pro- 
cesses; and  thus  were  gradually  formed  the  notions 
of  Function  and  of  Organizal'ion.  And  the  sciences 
of  which  these  notions  formed  the  basis  are  clearly 
distiuguishable  from  all  those  which  we  have  hitherto 
sidered.  We  conceive  an  organized  body  to  be 
I  which  the  parts  are  there  for  the  sake  of  the 
le,  in  a  manner  different  from  any  mechanical  or 
nical  connexion;  we  conceive  a  function  to  be 
■ely  a  process  of  change,  but  of  change  con- 
led  with  the  general  vital  process.  When  me- 
oical  or  chemical  processes  occur  in  the  living 
,  they  arc  instrumental  to,  and  directed  by,  the 
■  powers  of  life.    The  sciences  which   thus 
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consider  organization  and  vital    functions   may  be 
termed  organical  sciences. 

When  men  began  to  speculate  concerning  such 
subjects,  the  general  mode  of  apprehending  the  pro- 
cess in  the  cases  of  some  functions,  appeared  to  be 
almost  obvious;    thus   it    was  conceived   that   the 
growth  of  animals   arose   from   their  frame  appro* 
priating  to  itself  a  part  of  the  substance  of  the  food 
through  the  various  passages  of  the  body.     Under 
the  influence  of  such  general  conceptionSi  specula- 
tive men  were  naturally  led  to  endeavour  to  obtain 
more  clear  and  definite  views  of  the  course  of  each 
of  such  i)]^ocesses,  and  of  the  mode  in  which  the 
separate  parts  contributed  to  it.     Along   with  the 
observation  of  the  living  person,  the  more  searching 
examination  which  could  be  carried  on  in  the  dead 
body,  and  the  comparison  of  various  kinds  of  animals, 
soon  showed  that  this  pursuit  was  rich  in  know- 
ledge and  in  interest.      Moreover,  besides  the  inte- 
rest which   the  mere   speculative   faculty  gave  to 
this  study,  the  art  of  healing  added  to  it  a  great 
practical  value;  and  the  effects  of  diseases  and  of 
medicines  supplied  new  materials  and  new  motives 
for  the  reasonings  of  the  philosopher. 

In  this  manner  anatomy  or  physiology  may  be 
considered  as  a  science  which  began  to  be  cultivated 
in  the  earliest  periods  of  civilisation.  Like  most 
other  ancient  sciences,  its  career  has  been  one  of  per* 
pctual  though  variable  progress ;  and  as  in  others,  so 
in  this,  each  step  has  implied  those  ^hich  had  been 
previously  made,  and  cannot  be  understood 


|>t  we  untletstand  them.  Moreover,  tlio  steps 
TJf  this  Rflvanco  have  beeu  vci^  many  and  diverse; 
the  cultivators  of  anatomy  have  iu  all  ages  been 
uuuierous  and  laborious ;  the  subject  is  one  of  vast 
extent  and  eomjilexlty;  almost  every  generation  has 
added  sometbiog  to  the  current  knowledge  of  its 
details  ;  and  the  general  speculations  of  pbysiologiets 
have  been  Bubtle,  bold,  and  learned.  It  must,  there- 
fore) bo  difficult  or  impossible  fur  a  person  nlio  has 
not  studied  the  science  with  professional  diligence 
and  advantages,  to  fomi  just  judgments  of  the  value 
of  the  discoveries  of  various  ages  and  persons,  and 
to  arrange  them  in  their  due  relation  to  each  other. 
To  this  fl-e  may  add,  that  though  all  the  discoveries 
whioh  have  been  made  with  respect  to  particular 
functions  or  organizations  are  tnulerstood  to  be  sub- 
ordinate to  one  general  scieuec,  the  Philosopliy  of 
Life,  yet  the  principles  and  doctrines  of  tliis  science 
nowhere  exist  in  a  shape  generally  received  and 
asaented  to  among  physiologists ;  and  thus  we  have 
not,  in  this  science,  the  advantage  which  in  some 
otberfe  we  ha^-t!  possessed ; — of  discerning  the  true 
direction  of  its  first  movements,  by  knowing  the 
jMjint  to  which  they  ultimately  tend; — of  running  on 
beyond  tho  earlier  discoveries,  and  thus  looking 
them  in  the  face,  and  reading  their  true  features. 
With  these  disadvantages,  all  that  we  can  have  to 
■ay  respecting  the  history  of  physiology  must  need 
givat  indulgence  on  the  part  of  the  reader. 

Vet  hero,  as  in  other  cases,  we  may,  by  guiding 
■views  by  those  of  the  greatest  and  most  phtlo- 
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sophical  men  vrho  have  made  the  subject  their  study, 
hope  to  avoid  matAial  errors.  Nor  can  we  well 
evade  making  the  attempt.  To  obtain  some  simple 
and  consistent  view  of  the  progress  of  physiological 
science,  is  in  the  highest  degree  important  to  the 
completion  of  our  ^'iews  of  the  progress  of  physical 
science.  For  the  physiological  or  organical  sciences 
lorm  a  class  to  which  the  classes  already  treated  of, 
the  mechanical,  chemical,  and  classificatory  sciences, 
are  subordinate  and  auxiliary.  Again,  another  cir- 
cumstance which  makes  physiology  an  important 
part  of  our  survey  of  human  knowledge,  is,  that  we 
have  here  a  science  which  is  concerned,  indeed,  about 
material  combinations,  but  in  which  we  are  led  almost 
bevond  the  borders  of  the  material  world  into  the 
region  of  sensation  and  perception,  thought  and  will. 
Such  a  contemplation  may  offer  some  suggestions 
which  may  prepare  us  for  the  transition  from 
physical  to  metaphysical  speculations. 

In  the  survey  which  we  must,  for  such  purposes, 
take  of  the  progress  of  physiology,  it  is  by  no  means 
necessary  that  we  should  exhaust  the  subject,  and 
attempt  to  give  the  history  of  every  branch  of  the 
knowledge  of  the  phenomena  and  laws  of  living 
creatures.  It  will  be  sufficient,  if  we  follow  a  few 
of  the  lines  of  such  researches,  which  may  be  con- 
sidered as  examples  of  the  whole.  We  see  that 
life  is  accompanied  and  sustained  by  many  processes, 
which  at  first  offer  themselves  to  our  notice  as  sepa- 
rate functions,  however  they  may  afterwards  be 
found  to  be  connected  and  identified ;  such  are  feed- 
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digestion,  respiration,  the  action  of  the  heart 
and  pulse,  generation,  perception,  voluntarj-  motion. 
The  anaJr&is  of  any  one  of  these  functions  may  be 
pursued  separately.     And    since  in  this,    as   in  all 
genuine  sciences,  our  knowledge  becomes  real  and 
scientific,  only  in  so  far  as  it  is  verified  in  particular 
facts,  and  thus  established  in  general  propositions, 
such  an  original  separation  of  the  sulyectu  of  re- 
search is  requisite  to  a  true  representation  of  the 
growth  of  real  knowledge.     The    loose  h>iiotheses 
and  systems  concerning  the  connexion  of  different 
rital    faculties    and   the  general    nature    of   living 
things,  which  have  often  been  promulgated,  must 
be    excluded    from    this    part    of    our   plan.       We 
do  not  deny  all  value  and   merit    to    such    specu- 
lations;   but    they  cannot    be    admitted    in    the 
earlier  stages  of  the  history  of  physiology,  treated 
of  as    an    inductive  science.     If  the  doctrines  so 
propounded    have    a    solid    and    permanent   truth, 
they  ivill   again    come    before   us  when    wc    have 
tra%'ellcd  through  the  range  of  more  limited  truths, 
and  are  prepared  to  ascend  with  security  and  cer- 
tainty into  the  higher  region  of  general  physiological 
principles.     If  they  cannot  be  arrived  at  by  such  a 
road,  thoy  are  then,  however  plausible  and  pleasing, 
no  portion  of  that  real  and  progressive  science  with 
1  alone  our  history  is  concerned. 
Ve  proceed,  therefore,  to  trace  the  establishment 
©me  of  the  more  limited  but  certain  doctrines 
alogy. 
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CHAPTER  I. 

Discovery  of  the  Organs  or  VoLXiTn'ABY 

^lOTIOX. 


Sect  1 . — Knowledge  of  Galen  and  his  Predecessors. 

Is*  the  earliest  conceptions  which  men  entertained 
of  their  power  of  moving  their  own  members,  they 
probably  had  no  thought  of  any  mechanism  or  orga- 
nization bv  which  this  was  eflTected.  The  foot  and 
the  hand,  no  less  than  the  head,  were  seen  to  be 
endowed  with  life ;  and  this  pervading  life  seemed 
sufficiently  to  explain  the  power  of  motion  in  each 
part  of  the  frame,  without  its  being  held  necessary 
to  seek  out  a  special  seat  of  the  will,  or  instruments 
by  which  its  impulses  were  made  effective.  But 
the  slightest  inspection  of  dissected  animals  showed 
that  their  limbs  were  formed  of  a  curious  and  com- 
plex collection  of  cordage,  and  communications  of 
various  kinds,  running  along  and  connecting  the 
bones  of  the  skeleton.  Tliese  cords  and  communi- 
cations we  now  distinguish  as  muscles,  ners^es,  veins, 
arteries,  &c. ;  and  among  these,  we  assign  to  the 
muscles  the  office  of  moving  the  parts  to  which 
they  are  attached,  as  cords  move  the  parts  of  a 
machine.  Though  this  action  of  the  muscles  on  the 
bones  may  now  appear  very  obvious,  it  was,  pro- 


not  at  first  discernerl.  It  is  observed  that 
;r,  who  describes  the  wounds  which  are  inflicted 
t  l^attlea  with  so  much  apparent  anatomical  pre- 
lioii,  nowhere  employs  the  word  mmclc.  And 
pen  Hippocrates  of  Cos,  the  most  celebrated  phy- 
■cian  nf  antiquity,  is  held  to  have  had  no  dietinct 
conception  of  such  an  organ'.  lie  always  employs 
the  word  Jie^k  when  he  means  iniisde,  and  the  first 
explanation  of  tho  latter  word  (/iOs)  occurs  in  a  spu- 
rious work  ascribed  to  him.  For  nerves,  sinews,  liga- 
ments', he  uses  imliscriminately  the  same  terms; 
{jivo-i  or  vEvpav ;)  and  of  these  nerves  {vevpa)  he 
lerts  that  they  contract  the  limbs.  Nor  do  we 
1  much  more  distiuctnessi  on  tills  subject  even  in 
lilistotle,  a  generation  or  two  later.  "  The  origin 
\  the  vevpa,"  lio  says',  "  is  from  the  heart;  they 
nnect  the  bones,  and  surround  the  joints."  It  is 
Mir  that  he  means  here  the  muscles,  and  therefore 
lis  with  injustice  that  he  has  been  accused  of  the 
I  error  of  deriving  the  nerves  from  the  heart. 
And  he  is  held  to  have  really  had  the  merit'  of  dis- 
(Wvering  the  nerves  of  sensation,  which  ho  calls  the 

RtanaU  of  the  brain"  (Tropoi  toC  fyxei^aXov );  but 
b  ftnalysis  of  the  mechanism  of  motion  is  left,  by 
m  almost  untouched.  Perhaps  his  want  of  sound 
mechanical  notions,  and  his  constant  straining  after 
^bal  generalities,  and  systematic  classifications  of 
9  Widest  kind,  supply  the  true  account  of  his  thus 

'  Sprengcl,  Gcschichte  der  ArzneikunUe,  i.  382. 
'  lb.  L  385. 
M^'  ffiat.  Aniin.  iij,  5.  *  Sprengclj  OeBcli.  Arz.  i.  iaO. 
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missing  the  solution  of  one  of  the  simplest  problems 
of  anatomy. 

In  this,  however,  as  in  other  subjects,  his  imme- 
diate predecessors  were  far  from  remedying  the 
deficiencies  of  his  doctrines.  Those  who  professed 
to  study  physiology  and  medicine  were,  for  the  most 
part,  studious  only  to  frame  some  general  system  of 
abstract  principles,  which  might  give  an  appearance 
of  connexion  and  profundity  to  their  tenets.  In 
this  manner  the  successors  of  Hippocrates  became  a 
medical  school,  of  great  note  in  its  day,  designated 
as  the  dogmatic  schooP;  in  opposition  to  which  arose 
an  empiric  sect,  who  professed  to  deduce  their  modes 
of  cure,  not  from  theoretical  dogmas,  but  from  expe- 
rience. These  rival  parties  prevailed  principally  in 
Asia  Minor  and  Egyi)t,  during  the  time  of  Alex- 
ander's successors, — a  period  rich  in  names,  but  poor 
in  discoveries ;  and  we  find  no  clear  evidence  of  any 
decided  advance  in  anatomy,  such  as  we  are  here 
attempting  to  trace. 

The  victories  of  LucuUus  and  Pompeius,  in  Greece 
and  Asia,  made  the  Romans  acquainted  with  the 
Greek  philosophy;  and  the  consequence  soon  was, 
that  shoals  of  philosophers,  rhetoricians,  poets,  and 
physicians*  streamed  from  Greece,  Asia  Minor,  and 
Egypt,  to  Rome  and  Italy,  to  traffic  their  knowledge 
and  their  arts  for  Roman  wealth.  Among  these, 
was  one  person  whose  name  makes  a  great  figure  in 
the  history  of  medicine,  Asclepiades  of  Prusa  in 

*  Sprengcl,  Gesch.  Arz.  i.  583.  *  lb.  iL  5. 
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Ehyaia.     This  man  appears  to  have  been  a  quack, 

with  the  usual  endowments  of  his  class ; — boldncssi 

^jfagularity,  a  contemptuous  rejection  of  all  previouBly 

^^Httmed  opinions,  a  new  classification  of  diseases,  a 

^^Hf  list  of  medicines,  and  the  assertion  of  some 

wonderful  cures.     Ho  would  not,  on  such  accounts, 

deserve  a  place  in  the  history  of  science,  but  that  he 

became  the  founder  of  a  new  school,  the  MvtJtodic, 

which  jirofessed  to  liold  itself  se])arate  both  from  the 

Dogmatica  and  the  Empirics. 

I  have  noticed  these  schools  of  medicine,  because, 

though  1  am  not  able  to  state  distinctly  their  respec- 

liTo  merits  in  the  cultivation  of  anatomy,  a  great 

pro^rress   in    that   science   was    undoubtedly  made 

during  their  domination,  of  which  the  praise  must, 

I  conceive,  be  in  iwme  way  divided  among  them. 

The  amount  of  this  progress  we  are  able  to  estimate, 

when  we  come  to  the  works  of  Galen,  who  flourished 

under  the  Antonines,  and  died  about  a.d.  203.    The 

^^Mlowing  passage  from  his  works  will  show  tliat  this 

^^H|peG8  in  knowledge  was  not  made  'without  the 

^^BU  condition  of  laborious  and  careful  experiment, 

^KhiXe  it  implies  the  curious  fact  of  such  experiment 

being  conducted  by  means  of  family  tradition  and 

instruction,  so  as  to  give  rise  to  a  caste  of  dissectors. 

In  the  opening  of  his  Second  Book,  "  On  Anatomical 

I     jHanipulations,"  ho  speaks  thus  of  his  predecessors  : 

^^^do  not  blame  the  ancients,  who  did  not  write 

^^^Hes  on  anatomical  manipulation  ;  though  I  praise 

^THarinus,  who  did.     For  it  tt'as  superfluous  for  them 

to  comi»ose  such  records  for  themselves  or  others, 


while  tlioy  were,  fmin  their  chiliHiood,  exorcised 
th»ir  ]iareQt8  in  cli«80otin^,  just  a»  I'amiliarty  si  k 
writing  and  reading;  so  that  thcro  was  no  mors 
fear  of  their  forgetting  their  aniitoniy.  than  of  theif 
forgetting  their  alphabet.  But  when  grown  men,  tt 
wull  &»  ciiildron,  were  tanght,  tills  thorough  dtsciplia 
fell  off;  and,  the  art  being  carried  out  of  tho 
of  the  A sclejiiads,  and  declining  by  rejieated  ti 
mission,  books  became  necossor)-  for  the  student." 

That  the  general  structure  of  the  animal  frauHi  U 
composed  of  hunos  and  mufteles,  was  Icnown  wit 
great  accuracy  before  the  time  of  Galen,  is  manUlBI 
ft^m  the  nature  of  the  miMtakcfl  and  deficioiiees 
his  predecessors  which  he  finds  it  necea^arr  to  notlfl 
Thus  he  observes,  that  some  anatomists  havo  nud 
one  muscle  into  two.  from  iti«  having  two  head*}- 
thot  they  have  overlooke<l  some  of  the  mascles 
the  fiwJC  of  an  apo,  in  consequence  of  not  ski 
the  animal  Mith  their  own  hands; — and  the  lill 
Sucli  remarks  imply  that  tho  current  knowledge 
this  kind  was  toh-mbly  complete.  Galen*«  ol 
views  of  the  general  mechanical  strncturo  of  I 
animal  are  very  clear  aiul  sound.  The  skeleton,  1| 
observes,  discharges'  the  office  of  the  jioie  of  a  tea 
or  the  walls  of  a  house.  With  roBiioct  tu  thi 
of  the  muscles,  his  views  were  anatomicallT 
mechanically  correct;  in  some  instances,  he  nbowi 
what  this  action  was,  by  sovcring  tho  muscle' 
himself  added  considerably  to  the  existing  knoi 
ledgo  of  this  subject ;   and  his  discoveries  and  A 

*  De  Anutom.  ArltoiiiUt.  i.  2.  "  8preii((fl,  ij.  Jfi?. 


I,  even  of  very  minute  parts  of  tho  muacular 
,  are  spoken  of  with  praise  by  moileni  ano- 


\Ve  may  consider,  therefore,  that  the  doctrine  of 
tlio  muscular  syetem,  as  a  collection  of  corde  and 
sheets,  by  tho  contraction  of  which  tlie  parta  of  the 
body  ore  moved  and  supported,  vm  finniy  esta- 
bli8he<l,  and  couiitleteiy  followed  into  detail,  by 
Oaleu  and  his  predecessowi.  But  there  is  another 
•hue  of  organs  connected  Mith  voluntary  motion,  tho 

<pe8,  and  we  must  for  a  moment  trace  the  opinions 
itli  prevailed  respecting  these.     Aristotle,  its  we 
»  B&id,  noticed  some  of  the  nerves  of  sensation. 
But  Hcrojitiilue,  who  lived  in  Egy\^t  in  the  time  of 
^J^ajGrst  Ptolemy,  distinguished  nerves  as  the  organs 
^^■Hie  will '*,  and  Rufus,  who  lived  in  the  time  of 
^^H|Bn",    divides    the    nerves    into    sensitive    and 
motive,  and  derives  them  all  from  the  l>rain.     But 
this  did  not  imply  that  men  had  yet  distinguislied 
the  nerves  from  the  muscles.     Even  Galen  main- 
tjunod   that  every  muscle  consists  of  a  bundle  of 
■Brv«8  and  sinews".     But  tho  important  points,  the 

taity  of  the  nerve,  and  the  origination  of  all  this 
ntus  of  motion  from  the  brain,  he  iuHiete  upon 
great  cleameas  and  force.     Thus  lie  proved  the 
necessity  experimentally,  by  cutting  through  some 
^^Mho  bundles  of  nerves",  and  thus  preventing  the 
^^Btaponding  motions.    And  it  is.  he  says",  allowed 

"l»-       ™  11.   !: 
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■BpTMigel,  u.  150.  "  lb.  i.  r,34.  •'  lb.  i 

^  Tb.  ii.  152.    Cnlen,  Dc  Motu  Muse.  p.  553. 

*_  lb.  u.  167.  "  De  nippocr.  ct  Plat.  D(«.  viiL  1. 
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hr  all,  bodi  piiTBcsms  and  philo»^hers»  that  ^ere 
tlie  origiii  of  tlie  nerre  is,  tlieie  the  seat  of  the  flonl 

is  in  the  Inain,  and  not  in  the  heart. 

Thns  the  gmeial  ooDstmctiofi  and  amngement 
of  the  cvganization  by  which  T<dantaiy  motion  is 
effected,  was  well  made  ont  at  the  time  of  Galen, 
and  is  fbnnd  distinctly  deliTered  in  his  woiks.    We 
cannot,  peihaps,  justly  asoibe  any  laige  portion  of 
the  general  discoveiy  to  him:  indeed,  the  conc^ 
tion  of  the  mechanism  of  the  skeleton  and  muscles 
was  probably  so  gradoally  unfolded  in  the  minds  of 
anatomical  students,  that  it  would  be  difficult,  oTen 
if  we  knew  the  labours  of  each  person,  to  select  one, 
as  peculiarly  the  author  of  the  discovery.     But  it  is 
clear  that  all  those  who  did  materially  contribute  to 
the  establishment  of  this  doctrine,  must  haye  pos- 
sessed the  qualifications  which  we  find  in  Galen  for 
such  a  task;    namely,  clear  mechanical   views  of 
what  the  tensions  of  collections  of  strings  could  do, 
and  an  exact  practical  acquaintance  with  the  mus- 
cular cordage  which  exists  in  the  animal  frame ;— in 
short,  in  this  as  in  other  instances  of  real  advance 
in  science,  there  must  have  been  clear  ideas  and  real 
facts,  unity  of  thought  and  extent  of  observation, 
brought  into  contact. 
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Sect.  2. — Recognition  of  Final  Causes  in  Physiologi/. 
Galen. 

Thehe  is  one  idea  which  the  researches  of  the  phy- 
siologist and  the  anatomist  so  constantly  force  upon 
him,  that  he  cannot  help  assuming  it  as  one  of  the 
guides  of  his  speculations;  I  mean,  the  idea  of  a 
ptirpose,  or,  as  it  is  called  in  Aristotelian  phrase,  a 
Jinal  cause,  in  the  arrangements  of  the  animal 
firame.  It  is  impossible  to  doubt  that  the  motive 
nerves  nm  along  the  limbs,  in  order  that  they  may 
convoy  to  the  muscles  the  impulses  of  tlio  will ;  and 
that  the  muscles  are  atta^-hed  to  the  bones,  in  order 
that  they  may  move  and  support  them.  This  con- 
viction prevails  so  steadily  among  anatomists,  that 
even  wiicn  tlie  use  of  any  part  is  altogether  unkuo^vn, 
it  is  still  taken  for  granted  that  it  has  some  use. 
The  developement  of  this  conviction, — of  a  purpose 
in  the  parts  of  animals, — of  a  function  to  whicli  each 
portion  of  the  organization  is  subservient, — contri- 
buted greatly  to  the  progress  of  physiology;  for  it 
constantly  urged  men  forwards  in  their  researches 
respecting  each  organ,  till  some  definite  view  of  its 
purpose  was  obtained.  The  assumption  of  hypothe- 
tica)  final  causes  in  physics  may  have  been,  as 
Bacon  asserts  it  to  have  been,  prejudicial  to  science ; 
but  the  assumption  of  unknown  final  causes  in  i)hy- 
siology,  has  given  rise  to  the  science.  The  two 
branches  of  speculation,  Physics  and  Physiolqgy, 
■were  equally  led,  by  every  new  phenomenon,  to  ask 
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to  the  evidence  of  the  senses.     In  more  modem 
times,   when  Vesalius,    in   the   sixteenth   century, 
accused  Galen  of  mistakes,  he  drew  upon  himself 
the  hostility  of  the  whole  body  of  physicians.     Yet 
the  mistakes  were  such  as  might  have  been  pointed 
out  and  confessed*'  without  acrimony,  if,  in  times 
of  revolution,  mildness  and  moderation  were  pos- 
sible ;  but  an  impatience  of  the  superstition  of  tradi- 
tion on  the  part  of  the  innovators,  and  an  alarm  of 
the  subversion  of  all  recognised  truths  on  the  part 
of  the  established  teachers,  inflame  and  pervert  all 
such  discussions.     Vesalius's  main  charge   against 
Gralen  is,  that  his  dissections  were  performed  upon 
aiiimals,  and  not  upon  the  human  body.      Galen 
Iliibself  speaks  of  the  dissection  of  apes  as  a  very 
familiar  employment,  and  states  that  he  killed  them 
by   drowning.      The   natural    difficulties  which,  in 
various  ages,  have  prevented  the  unlimited  prosecu- 
tion of  human  dissection,  operated  strongly  amongf 
the  ancients,  and  it  would  have  been  difficult,  under 
such  circumstances,  to  proceed  more  judiciously  than 
Galen  did. 

I  shall  now  proceed  to  the  history  of  the  discovery 
of  another  and  less  obvious  function,  the  circulation 
of  the  blood,  which  belongs  to  modern  times. 


i» 
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CHAPTER  ri. 

DiaCOVEHY  OP  THE  ClECULATION  OF  THE  BlOOD. 


Sect.  1. — Prelude  to  the  Discovery. 

Toe  blood-vessels,  the  veins  and  arteries,  are  as  evi- 
dent and  peculiar  in  their  appearance  as  the  muscles ; 
but  their  ftinction  is  by  no  means  so  obvious.  Hip- 
pocrates' did  not  discriminate  veins  and  arteries; 
both  arc  called  by  the  same  name  (^Xe^c?) ;  and  the 
word  from  which  artery  comes  (a/j-njpiij)  means,  in 
his  works,  the  windpipe,  Aristotle,  scanty  as  was 
his  knowledge  of  the  vessels  of  the  body,  has  yet  the 
merit  of  ha^ng  traced  the  origin  of  all  the  veins  to 
the  heart.  He  expressly  contradicts  those  of  his 
predecessors  who  had  derived  the  veins  from  the 
head';  and  refers  to  dissection  for  the  proof.  If  the 
book  "  On  the  Breath"  be  genuine  (which  is  doubted), 
Aristotle  was  aware  of  the  distinction  between  veins 
and  arteries.  "  Every  artery,"  it  is  there  asserted, 
"  is  accompanied  by  a  vein ;  the  former  are  filled 
only  with  breath  or  air'."  But  whether  or  no  this 
passage  be  Aristotle's,  he  hold  o]>inions  equally 
erroneous;  as,  that  the  windpipe  conveys  air  into 
the  heart*.      Galon'   was    far   from    having    views 

■  Hist,  Auimal.  iii.  .S. 
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re«p€«tinz  the  W-wi-Te-seebw  as  sound  as  those  which 
he  eoteitained  oonoeminz  the  muscles.  He  held 
the  Urer  to  he  the  origin  of  the  Teins.  and  the  heart 
of  the  arterie*.  He  wa'^.  however,  acquainted  with 
their  junctions  or  aiuuiomfj^s*.  But  we  find  no 
material  advance  in  the  knowledge  of  this  subject, 
till  we  overleap  the  blank  of  the  middle  ages,  and 
reach  the  dawn  of  modem  science. 

The  father  of  modem  anatomv  is  held  to  be  Mon- 
dino\  who  diswcted  and  taught  at  Bologna  in  1315. 
Some  \iTiters  have  traced  in  him  the  rudiments  of 
the  df>ctrine  of  the  circulation  of  the  blood ;  for  he 
savH,  tliat  the  heart  transmits  blood  to  the  lungs. 
But  it  is  allowed,  that  he  afterwards  destroys  the 
m(*rit  of  his  remark,  by  repeating  the  old  assertion 
tliat  the  left  ventricle  ought  to  contain  spirit  or  air, 
wliic^li  it  generates  from  the  blood. 

Anatomy  M'as  cultivated  with  great  diligence  and 
talent  in  Italy  by  Achillini,  Carpa,  and  Messa,  and 
in  l^ranco  by  Sylvius  and  Stephanus  (Dubois  and 
Utionno).  Yet  still  these  empty  assumptions  respect- 
ing the  heart  and  blood-vessels  kept  their  ground. 
VoHaliuH,  a  native  of  Bmssels,  has  been  termed  the 
founder  of  human  anatomy,  and  his  great  work  De 
llumani  Corporis  Fabricd  is,  even  yet,  a  splendid 
monument  of  art,  as  well  &s  science.  It  is  said  that 
his  figures  were  designed  by  Titian ;  and  if  this  be 
not  exactly  true,  says  Cuvier',  they  must,  at  least, 
be  from  the  pencil  of  one  of  the  most  distinguished 
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pbpUa  of  tho  great  painter ;  for  to  this  day,  though 
we  have  more  fiuiaheil  drawings,  we  have  no  designs 
that  are  more  artistlike.  Fallopius,  who  succeodod 
Vosalius  at  Padua,  made  some  additions  to  tlie 
researches  of  his  predecessor;  but  in  his  treatise 
De  J*rincipio  Vcnmiem,  it  is  clearly  seen'  that  tho 
circulation  of  the  blood  was  unknown  to  him. 
Eustacbius  also,  whom  Cuvier  groups  with  Vesalius 
and  Fallopiua,  as  the  three  great  founders  of  modern 
anatomy,  wrote  a  treatise  on  the  vein  azi/gos*,  which 
M  a  little  treatise  on  comparative  anatomy :  but  the 
dJJfcovory  of  tho  functions  of  the  veins  came  from  a 
(liferent  quarter. 

The  unfortunate  Servetus,  who  was  burnt  at 
Geneva  as  a  heretic  in  1553,  is  the  first  person  who 
spvaks  distinctly  of  the  small  circulation,  or  that 
which  carries  tho  blood  from  the  heart  to  tho  lungs, 
and  back  af^in  to  the  heart.  His  work  entitled 
Chrisiianwni  Restitutio  was  also  burnt ;  and  only  two 
copies  are  known  to  have  escaped  the  tiames.  It 
18  in  tliis  work  that  he  asserts  the  doctrine  in  ques- 
tion, as  a  collateral  argument  or  illustration  of  his 
aabject.  "  The  communication  between  the  right 
and  left  veHtriclo  of  tho  heart,  is  made,"  he  says, 
"not  as  is  eoramoidy  believed,  througli  the  partition 
of  tho  heart,  but  by  a  remarkable  artifice  (inatjno 
artijicio),  the  blood  is  carried  from  the  right  ventricle 
by  a  long  circuit  through  the  lungs  ;  is  elaborated  by 
the  luugs,  made  yellow,  aud  transfused   from  the 
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I  arlerima- iuto  the  ariana  venosa."  ThU  traUiii^ 
liowever,  mixed  with  various  of  the  tnulitional 
concerninji  the  '■  rUiit  sjm-i(,  which  hns  \t»  origin  b 
;be  left  ventricle."  It  may  be  doabteii,  also,  bow 
r  Scrretus  formed  his  opinion  upon  coujecture,  and 
I  hypothetical  view  of  the  formation  of  this  Titel 
it.  And  we  may,  perhaps,  more  justly  aaciibe 
lie  real  establishment  of  the  pulmonary  circalatUB 
s  an  inductive  truth,  to  Realdus  Columbus,  a  popil 
and  smcce^sor  of  Vesalius  at  Padiia,  who  published  & 
work  De  Re  Anatomicd  in  1559,  in  which  he  claioH 
Ibis  discovery  a«  his  own'*. 

Andrew  Ca?salpinus  who  has  already  come  under 
nr  notice  as  one  of  the  iathers  of  modem  inductive 
cience,  both  by  his  metaphysical  and  his  physical 
•culations,  described  the  pulmonary  circulation 
till  more  completely  in  his  Quo'stitmes  Pfiripaietiett, 
ud  even  seamed  to  be  on  the  eve  of  discovering  the 
t  circulation ;  for  he  remarked  the  swelling  of 
eins  below  ligatures,  and  inferred  from  it  a  rcQuenc 
notion  of  blood  in  these  vessels".  But  another  dis- 
covery of  structure  was  needed,  to  prepare  the  way 
for  this  discover)'  of  function  ;  and  this  was  made  by 
icius  of  Acquapendente,  Mho  succeded  in  the 
>nd  list  of  great  professors  at  Padua,  and  tanght 
■  for  fifty  years".  Sylvius  had  discovered  the 
H'uce  of  the  valves  of  the  veins ;  but  Fabricius 
.1  that  they  are  all  turned  towards 
itjor  this  di8]iositlou  ^vith  that  of  the 


heart,  and  with  the  absence  of  -valves  in  the 
arteries,  he  might  have  come  to  the  conclusion"  that 
the  blood  moves  iu  a  different  direction  in  the  arte- 
ries and  in  the  veins,  and  might  thus  have  discovered 
the  circulation :  but  this  glory  was  reserved  for 
William  Harvey :  so  true  is  it,  observes  Cnvier,  that 
wo  are  often  on  the  brink  of  a  discovery  without 

jcting  that  we  are  so ; — so  true  is  it,  we  may 
',  that  a  certain  succession  of  time  and  of  persons 
;enerally  necessary  to  familiarize  men  with  one 

ight,  before  they  can  advance  to  that  which  is  the 

b  in  order. 


—T/ie  Dlscorery  of  the  Circulation  made  hy 
Harvey. 

ilAM  Hak^'ey  was  bom  in  1578  at  Folkestone  iu 
He  first  studied  at  Cambridge:  he  after- 
s  wont  to  Padua,  where  the  celebrity  of  Fabri- 
3  of  Acquapendente  attracted  from  all  parts  those 
■who  wished  to  be  instructed  in  anatomy  and  physio- 
logy. In  this  city,  excited  by  the  discovery  of  the 
valves  of  the  veins,  which  his  master  had  recently 
made,  and  reflecting  on  the  direction  of  the  valves 
which  are  at  the  entrance  of  the  veins  into  the  heart, 
and  at  the  exit  of  tlie  arteries  from  it,  he  conceived 
tlie  idea  of  making  experiments,  in  order  to  deter- 
i  what  is  the  course  of  the  blood  in  its  vessels. 
I  found  that  when  he  tied  up  veins  in  various 
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animals,  thf-y  swullcd  boluw  tlie  ligntaro,  or  in  tlN 
part  furthest  froni  the  heart ;  wliile  arteries,  witb  ^ 
like  ligature,  swelled  on  tUo  sidu  Qoxt  tlio  bearb 
Combiuing  these  facts  with  the  tiirwrtion  of  tlM 
Talven,  he  came  to  the  conclusion  that  tho  blood  IK' 
impelled  by  the  left  side  of  the  heart  in  the  BTtorJel 
to  the  extremities,  aiid  thence  returns  hy  the  r&M- 
into  the  right  side  of  the  heart.  He  showed,  toch. 
how  this  was  confirmed  br  the  phenomena  of  thi 
pulse,  anil  by  the  results  of  opening  tho  vessel* 
He  proved,  alw>,  that  the  circulation  of  the  lungs  !l 
a  continuation  of  the  larger  circulation;  and  thm 
the  whole  doctrine  of  the  double  circulation  ^^-a* 
established. 

Harvey's  experiments  had  been  made  in  1616  an# 
1618 ;  it  is  commonly  said  that  he  first  promulgated' 
his  opinion  in  1019  ;  but  the  manuscript  of  the  leiv 
turos,  delivered  hy  him  as  lecturer  to  the  College  of 
Physieians,  is  exUint  iu  the  British  Museum,  mwi' 
containing  the  propositions  on  which  the  doctrine  if 
founded,  refers  them  to  April  1610.  It  was  not  tilP 
1628  that  he  pubhslicd,  at  Frankfort,  bin  MivrcitoH^ 
Anatomica  dc  Mntu  Cordis  et  Sarujninis;  but  1 
there  observes  that  he  had  for  above  nine  yotm  con- 
firmed and  illustrated  bis  opinion  in  his  lectures,  bj 
arguments  grounded  upon  ocular  demonstration. 

Sect.  3. — Reception  of  the  Discovery. 

Without  dwelling  long  upon  the  circumstnnces  o| 
general  reception    of  this   doctrine,    we    njaj 


that  it  was,  for  the  most  part,  rea<lilj' 
accepted  by  his  countiymen,  but  that  abroad  it  had 
to  encounter  considerable  opposition.  Although,  as 
we  have  seen,  his  predecessors  liud  approached  so 
near  to  the  discovery,  men's  minds  were  by  no 
means  as  yet  prepared  to  receive  it.  Several  pliy- 
sicians  denied  the  truth  of  the  opinion,  among  whom 
the  most  eminent  Tvas  Biolan,  professor  at  the  Col- 
lege de  France.  Other  MTiters,  as  usually  happens 
in  the  case  of  great  discoveries,  asserted  that  the 
doctriJie  was  ancient,  and  even  tliat  it  was  known  to 
Hippocrates.  Harvey  defended  his  opinion  M-ith 
spirit  and  temper;  yet  he  appears  to  have  retained 
a  lively  recollection  of  the  disagreeable  natm-e  of 
the  struggles  in  which  he  was  thus  involved.  At  a 
later  period  of  liis  life,  Ent",  one  of  his  ndmireif, 
who  visited  him,  and  urged  him  to  publish  the 
researches  on  generation,  on  which  he  had  long 
been  engaged,  gives  this  account  of  the  manner  in 
which  he  received  the  proposal :  "  And  would  you 
then  advise  me,  (smilingly  replies  the  doctor,)  to 
quit  the  tranquillity  of  this  haven,  wherein  I  now 
calmly  spend  my  days,  and  again  commit  myself  to 
the  unfaithfid  ocean  ?  You  aie  not  ignorant  how 
great  trouhles  my  lucubrations,  formerly  published, 
liavc  raised.  Better  it  is,  certainly,  at  some  time, 
to  endeavour  to  grow  wise  at  home  in  private,  than 
l)y  the  ha*ty  divulgation  of  such  things  to  the  know- 
ledge whereof  you  have  attained  with  vast  labour, 
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to  stir  up  tempests  that  maj  deprive  you  of  your 
leisure  and  quiet  for  the  future." 

His  merits  were,  however,  soon  generally  recognised. 
He  was  **  made  physician  to  James  the  First,  and  afler- 
w^ards  to  Charles  the  First,  and  attended  that  unfortu- 
nate monarch  in  the  civil  war.  He  had  the  permis- 
sion of  the  parliament  to  accompany  the  king  on  his 
leaving  London ;  but  this  did  not  protect  him  from 
having  his  house  plundered  in  his  absence,  not  only 
of  its  furniture,  but,  which  he  felt  more,  of  the 
records  of  his  experiments.  In  1652,  his  brethren 
of  the  CoUege  of  Physicians  placed  a  marble  bust 
of  him  in  their  hall,  with  an  inscription  recording 
his  discoveries ;  and  two  years  later,  he  was  nomi- 
nated to  the  office  of  president  of  the  College, 
which  however  he  declined  in  consequence  of  his 
age  and  infirmities.  His  doctrine  soon  acquired 
popular  currency;  it  was,  for  instance,  taken  by 
Descartes*^  as  the  basis  of  his  physiology  in  his  work 
On  Man;  and  Harvey  had  the  pleasure,  which  is 
often  denied  to  discoverers,  of  seeing  his  discovery 
generally  adopted  during  his  lifetime. 

Sect  4. — Bearing  of  tlie  Discovery  on  the  Progress 

of  Physiology. 

In  considering  the  intellectual  processes  by  which 
Harvey's  discoveries  were  made,  it  is  impossible  not 
to  notice,  that  the  recognition  of  a  creative  purpose, 

>•  Biog.  Brit.  »^  Cuv.  53. 
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whici),  08  we  have  said,  apiiears  in  all  sound  physio- 
logical reasonings,  prevails  eminently  here.  "  I 
remember,"  says  Boyle,  "  that  when  I  asked  our 
famous  Harvey  what  wore  the  things  that  induced 
him  to  think  of  a  circulation  of  the  blood,  he 
answered  me,  that  when  he  took  notice  that  the 
Talvea  in  the  veins  of  so  many  parts  of  the  body 
were  so  placed,  that  they  gave  a  free  passage  to  the 
blood  towards  the  heart,  l>ut  opposed  the  passage  of 
the  venal  blood  the  contrary  way ;  he  was  incited  to 
imagine  that  so  provident  a  cause  as  Nature  had  not 
placed  so  many  valves  without  design ;  and  no  design 
seemed  more  probable  than  that  the  blood  should 
be  sent  through  the  arteries,  and  return  through  the 
whose  valves  did  not  oppose  its  course  that 


IE. 


e  may  notice  further,  that  this  discovery  implied 
the  usual  conditions,  distinct  general  notions,  careful 
olMnervation  of  many  facts,  and  the  mental  act  of 
bringing  together  these  elements  of  truth.  Harvey 
mu^  have  possessed  clear  views  of  the  motions  and 
iures  of  a  fluid  circulating  in  ramifying  tubes,  to 
le  him  to  sec  bow  the  jwsition  of  valves,  the 
itlon  of  the  heart,  the  effects  of  ligatures,  of 
!ng,  and  of  other  circumstances,  ought  to  mani- 
themselves  in  order  to  confirm  his  *iew.  That 
referred  to  a  multiplied  and  varied  experience  for 
the  evidence  that  it  was  so  confirmed,  we  have 
dready  said.  Like  all  the  liest  philosophers  of  bis 
he  insists  rigidly  upon  the  necessity  of  such 
m.  3D 
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experience.  "In  every  science,"  he  says  ^",  "belt 
what  it  will,  a  diligent  observation  is  requisite,  and 
sense  itself  must  be  frequently  consulted.  We 
must  not  rely  upon  other  men's  experience,  but  our 
own,  without  which  no  man  is  a  proper  disciple  ai 
any  part  of  natural  knowledge."  And  by  publish- 
ing his  experiments,  he  trusts,  he  adds,  that  he  has 
enabled  his  reader  "  to  be  an  equitable  umpire  be- 
tween Aristotle  and  (xalen;"  or  rather,  he  mij^t 
have  said,  to  see  how,  in  the  promotion  of  science, 
sense  and  reason,  observation  and  invention,  have  i 
mutual  need  of  each  other. 

We  may  observe  further,  that  though  Harvey's 
glory,  in  the   case  now  before  us,  rested  upon  his 
having  proved   the  reality   of  certain  mechanical 
movements  and  actions  in  the  blood,  this  discovery, 
and  all  other  physiological   truths,  necessarily  in- 
volved the   assumption   of    some   peculiar  agency 
belonging  to   living    things,   different    both    from 
mechanical  agency,  and  from  chemical ;  and  in  short, 
something  vital^   and    not    physical  merely.      For 
when  it  was  seen  that  the  pulsation  of  the  heart,  its 
^itole  and  dia$tde^  caused  the  circulation   of  the 
blood,  it  might  still  bo  asked,  what   force  caused 
this  constantly-recurring  contraction    and    expan- 
sion.    And  again,  circulation  is  closely  connected 
with  respiration;  the  blood  is,  by  the  circulation, 
carried  to  the  lungs,  and  is  there,  according  to  the 

^'  Genei:alioa  of  Animala^  Pref,    . 


expressiou  of  Columbus  and  Harvey,  mixed  with  air. 
But  by  wlmt  mecbanism  does  this  mixture  take  place, 
and  what  is  the  real  nature  of  it?  And  when 
sucoocding  researches  had  enabled  physiologists  to 
give  an  answer  to  tliis  question,  as  far  as  chemical 
relations  go,  and  to  say  that  the  change  consists  in 
the  ab^ttraction  of  the  carbon  from  the  blood  by 
means  of  the  oxygen  of  the  atnuisphere ;  they  were 
still  only  led  to  ask  furtlier,  how  this  chemical  change 
WTiB  effected,  and  how  such  a  change  of  the  blood 
fitted  it  for  its  uses.  Every  function  of  which  we 
cxplaiu  the  course,  the  mechanism,  or  the  chemistry, 
18  connected  with  other  fiinctions, — is  subservient  to 
them,  and  they  to  it ;  and  all  togetlier  are  parts  of  the 
general  vital  system  of  the  animal,  ministering  to 
its  life,  but  deriving  their  activity  from  the  life. 
Life  is  not  a  collection  of  forces,  or  polarities,  or 
affinities,  such  (ts  any  of  the  pliysical  or  chemical 
sciences  contemplate;  it  has  jiowers  of  its  own, 
^^l^ioh  often  supei'scde  those  subordinate  relations ; 
^H||  in  the  cases  nliere  men  have  traced  such  agents 
^^■i-the  animal  iraiue,  they  have  always  n-een,  and 
oBunlly  acknowledged,  that  these  ageuts  were  minis- 
terial to  higher  agency,  more  difficult  to  trace  than 
these,  but  more  truly  the  cause  of  the  phenomena. 
The  discovery  of  the  mechanical  and  chemical 
Utions  of  the  vital  functions,  as  a  step  in  phy- 
■,  may  be  compai-ed  to  the  discovery  of  the 
■  phenomena  in  the  heavens  by  Kepler  and 
idecessors,  while  the  discovery  of  the  force  by 
Y  were  produced  was  still  reserved  in  mys- 
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terj  for  Newton  to  Iniiig  to  light.    The  snbMifiiiite 
relation  of  the  fitcts,  their  dependence  on  gfmce  and 
time,  their  reduction  to  order  mnd  cjcle,  hid  been 
fully  performed ;  but  the  reference  of  them  to  dis- 
tinct ideas  of  causation,  their  interpretation  as  the 
results  of  mechanical  force,  was  omitted  or  attempted 
in  vain.    The  yerj  notion  of  such  force,  and  of  the 
manner  in  which  motions  were  determined  bjit, 
was  in  the  highest  degree  vague  and  vaciUating;  and 
a  century  was  requisite,  as  we  have  seen,  to  give  to 
tho  notion  that  clearness  and  fixity  which  made  the 
moehanics  of  the  heavens  a  possible  science.     In 
like  manner,  the  notion  of  life,  and  of  vital  forra^ 
U  Mill  too  obscure  to  be  steadily  held.     We  cannot 
CHmnoct  it  distinctly  with  severe  inductions  firom 
AH^t.'u      Wo  can  trace  the  motions  of  the  animal 
HuitU  as  Keplor  traced  the  motions  of  the  planets; 
but  when  we  iiKH'k  to  render  a  reason  for  these  motions, 
Hkt>  him  \w  recur  to  terms  of  a  wide  and  profoimd, 
but  myytortous  iui{>ort ;  to  virtues,  influences,  unde- 
Hmnl  |H»wt^r**     Yet  M-e  are  not,  on  this  account,  to 
d«Hii)Hur«     'Hio  very  instance  to  which  I  am  referring 
hIhavci  us  how  rich  is   the  promise  of  the  future. 
Why.  says  Cuvier*',  may  not  natural  history  one 
day  have  its  Newton  ?    The  idea  of  the  vital  forces 
may  grathialiy  become  so  dear  and  definite  as  to 
bo  available  in  science ;  and  future  generations  may 
iuohuU\  in  their  physiology,  propositions  elevated  as 
Ikr  abo^H)  the  circulation  of  the  blood,  as  the  doctrine 

**  Ossem.  F088.  Introd. 
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of  nniversal  gravitation  goes  beyond  the  explanation 
of  the  heavenly  motions  by  epicycles. 

If,  by  Trhat  has  been  said,  I  have  exemplified  suffi- 
ciently the  nature  of  those  steps  in  physiology, 
which,  like  the  discovery  of  the  circulation,  give  an 
explanation  of  the  process  of  some  of  the  animal 
functions,  it  is  not  necessary  for  me  to  dwell  longer 
on  the  subject ;  for  to  write  a  history,  or  even  a 
sketch  of  the  history  of  physiology,  would  suit 
neither  my  powers  nor  my  purpose.  Some  further 
analysis  of  the  general  views  which  have  been  pro- 
mulgated by  the  most  eminent  physiologists,  may 
perhaps  be  attempted  in  treating  of  the  Philosophy 
of  Inductive  Science;  but  the  estimation  of  the 
value  of  recent  speculations  and  investigations  must 
be  left  to  those  who  have  made  this  vast  subject  the 
study  of  their  lives.  A  few  brief  notices  may, 
however,  be  here  introduced. 
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CHAPTER  III. 


Discovery  of  the  Motion  of  the  Chyle,  and 
consequent  speculations. 


Sect.  1. — The  Discotery  of  the  Motion  of  the  Cht^* 

It  may  have  been  observed  in  the  previous  course  of 
this  History  of  the  Sciences,  that  the  discoveries  in 
each  science  have  a  peculiar  physiognomy:  some- 
thing of  a  common  type  may  be  traced  in  the  pro- 
gress of  each  of  the  theories  belonging  to  the  same 
department  of  knowledge.     We  may  notice  some- 
thing of  this  common  form  in  the  various  branches  of 
physiological  speculation.     In  most,  or  all  of  them, 
we  have,  as  we  have  noticed  the  case  to  be  with 
respect  to  the  circulation  of  the  blood,  clear  and 
certain  discoveries  of  mechanical  and  chemical  pro- 
cesses, succeeded  by  speculations  far  more  obscure, 
doubtful,  and  vague,  repecting  the  relation  of  these 
changes  to  the  laws  of  life.     This  feature  in  the 
history  of  physiology  may  be  further  instanced,  (it 
shall  be  done  very  briefly,)  in  one  or  two  other  cases. 
And  we  may  observe,  that  the  lesson  which  we  arc 
to  collect  from  this  narrative,  is  by  no  means  that  we 
are  to  confine  ourselves  to  the  positive  discovery, 
and  reject  all  the  less  clear  and  certain  speculations. 
To  do  this,  would  be  to  lose  most  of  the  chances  of 
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ulterior  progress ;  for  though  it  may  be,  that  our 
conceptions  of  tlie  nature  of  organic  life  are  not  yet 
sufficiently  precise  and  steady  to  become  the  guides 
to  positive  inductive  truths,  the  only  way  in  which 
these  peculiar  physiological  ideas  can  be  made  more 
distinct  and  precise,  and  thus  brought  more  nearly 
into  a  scientific  form,  is  by  this  struggle  with  our 
iffnorance  or  imperfect  knowledge.  This  is  the  lesson 
we  have  learnt  from  the  history  of  physical  astronomy 
and  other  sciences.  We  must  strive  to  refer  facts 
which  are  known  and  imderstood,  to  higher  princi- 
ples, of  which  we  cannot  doubt  the  existence,  and  of 
which,  in  some  degree,  we  can  see  the  place;  how- 
ever dim  and  shadowy  may  be  the  glimpses  we  have 
hitherto  l»een  able  to  obtain  of  their  forms.  We 
may  often  fail  in  such  attempts,  but  without  the 
attempt  wc  can  never  succeed. 

That  the  food  is  received* into  the  stomach,  there 
undergoes  a  change  of  its  consistence,  and  is  tlien 
propelled  along  the  intestines,  are  obvious  facts  in 
the  animal  economy.  But  a  discovery  made  in  the 
course  of  the  seventeenth  century  brought  into  clearer 
light  the  wequel  of  this  series  of  processes,  and  its 
connexion  with  other  functions.  In  the  year  1622, 
Asellius  or  Aselli'  discovered  certain  minute  ves- 
sels, termed  lactcah,  which  absorb  a  white  liquid  {the 
chyle)  from  the  bowels,  and  pour  it  into  the  blood. 
These  vessels  had,  in  fact,  been  discovered  by  Eris- 
Iratus,  in  the  ancient  world',  in  the  time  of  Ptolemy; 

'  Cuv.  Hist.  Sc.  p.  50. 
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but  Aselli  was  the  first  modem  who  attended  to 
them.  He  described  them  in  a  treatise,  entitled, 
De  Venix  Lacleis,  mm  fyuris  eUfftiiiiissimis,  printed 
at  Milan  in  1 627,  the  year  after  the  death  of  the 
author.  Tliia  work  is  remarkable  as  the  first  which 
exhibits  coloured  anatomical  figures ;  the  arteries  and 
the  veins  are  represented  in  red,  the  lacteals  in  black. 
Eustachius",  at^an  earlier  period,  had  described  (in 
the  horse)  the  thoracic  duct  by  whicli  the  chyle  i» 
poured  into  the  subclavian  vein,  on  the  right  side  o£ 
the  neck.  But  this  description  did  not  excite  » 
much  notice  as  to  prevent  its  being  forgotten,  aiid 
rediscovered  in  1650,  after  the  knowledge  of  the 
circulation  of  the  blood  had  given  more  importance 
to  such  a  discovery.  Up  to  this  time',  it  bad  beei) 
supposed  that  the  lacteals  carried  the  chyle  to  tlia 
liver,  and  that  the  blood  was  manufactured  there. 
This  opinion  had  |>revailed  in  all  the  works  of  thflt 
ancients  and  modems;  its  falsity  was  discovered  b] 
Pecquet,  a  French  physician,  and  published  in  165L 
iu  his  New  Anatomical  Ejfei'iments ;  in  n'hich  — 
discovered  a  receptacle  of  the  chyle,  unknown  til 
then,  and  the  vessel  which  conveys  it  to  the  sub] 
clavian  vein.  Pecquet  himself,  and  other  anatomist^ 
soon  connected  this  discovery  with  the  doctrine,  iXtm 
recently  i)romulgated,  of  tlie  circulation  of  the  blood 
In  1665,  these  vessels,  and  the  lymphatics  which 
connected  with  them,  were  further  illustrated 
Ruysch  in  his  exhibition  of  their  valves  (ZHlticidati 
valvulartim  in  vasts  li/mpkalici«  ct  lacteis). 

'  t'uv.  p.  34.  •  It.,  p.  a65. 
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Sect.  2. — T/tc  Consequent  Speculations.    Hi/potheses  of 


Thus  it  was  shown  that  aliments  taken  into  the 
stomach  are,  by  its  action,  made  to  proiUice  chytne; 
from  the  chjine,  gradually  changed  in  its  progress 
through  the  intestines,  chyle  is  absorbed  by  the 
lacteals;  ami  this,  poured  iuto  the  blood  by  the 
thoracic  duct,  repairs  the  ivaste  and  nourishes  the 
growth  of  the  animal.  But  by  what  powers  is  the 
food  made  to  undergo  these  transformations  ?  Can 
we  explain  them  on  mechanical  or  on  chemical  prin- 
ciples ?  Here  we  come  to  a  part  of  physiology  less 
certain  than  the  discovery  of  vessels,  or  of  the  motion 
of  fluids.  We  have  a  number  of  opinions  on  the 
subject,  but  no  universally  acknowledged  truth. 
We  have  a  collection  of  Hypotheses  of  Digestion  and 
Nutrition. 

I  shall  confine  myself  to  the  former  class;  and 
without  dwelling  long  upon  tliese,  I  shall  mention 
Bouie  of  them.  Tlie  philosophers  of  the  Acatlemy 
del  Cim^ilo,  and  several  others,  having  experimented 
ou  the  stomach  of  gallinaceous  birds,  and  observed 
the  astonishing  force  with  which  it  breaks  and  grinds 
substances,  were  led  to  consider  the  digestion  which 
takes  place  in  the  stomach  as  a  kind  of  trittatition*. 
Other  ^vriters  thought  it  was  more  jtroperly  described 
as  fa'inentaiion ;  others  again  spoke  of  it  as  a  putre- 
faction. Varignon  gave  a  merely  physical  account  of 
the  fii-rtt  part  of  the  process,  maintaining  that  the 
'  Bourdon,  Phj-siol,  Comji,  ji,  5H. 
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division  of  the  aliments  was  the  eflfect  of  the  disen- 
gagement of  the  air  introduced  into  the  stomach,  and 
dilated  by  the  heat  of  the  body.  The  opinion  that 
digestion  is  a  solution  of  the  food  by  the  gastric  juice 
has  been  more  extensively  entertained. 

Spallanzani  and  others  made  many  experiments  on 
this  subject.  Yet  it  is  denied  by  the  best  physiolo- 
gists, that  the  changes  of  digestion  can  be  adequately 
represented  as  chemical  changes  only.  The  nerves 
of  the  stomach  (the  pneumo-gastric)  are  said  to  be 
essential  to  digestion.  Dr.  Wilson  Philip  has  as- 
serted that  the  influence  of  these  nerves,  when  they 
arc  destroyed,  may  be  replaced  by  a  galvanic  current. 
This  might  give  rise  to  a  supposition  that  digestion 
depends  on  galvanism.  Yet  we  cannot  doubt  that 
all  these  hypotheses, — mechanical,  physical,  chemical^ 
galvanic — are  altogether  insufficient.  "  The  stomach 
must  have,"  as  Dr.  Prout  says*,  "  the  power  of  organ- 
izing and  vitalizing  the  different  elementary  sub- 
stances. It  is  imi>ossible  to  imagine  that  this 
oi^nizing  agency  of  the  stomach  can  be  chemical 
This  agency  is  vUaly  and  its  nature  completely 
unknown." 

•  Bridgewater  Tr.  p.  493. 
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Secf.  1. —  7'/ie  ETamination  of  the  Process  of 
Ittyroduciion  in  Animals. 


I 

^■f  wouM  not,    perhaps,    be  necessary  to  give  any 
^^Bore  examples  of  wliat  has  hitherto  been  the  general 
process  of  investigations  on  cacli  branch  of  physio- 
iogy ;  or  to  illustrate  further  the  combination  which 
^^■eh  researches  present,  of  certain  with   nncertain 
^^Bowlodgo ; — of  KolicI  (liseovcricH  of  organs  and  pro- 
EesNca,  Bucceeded  by  indefinite  and  doubtful  specula- 
tions conceniing  vital  forces.     But  the  reproduction 
of  organized  beings  is  not  only  a  subject  of  so  much 
interest  as  to  require  some  notice,  but  also  o0er8 
to  ufl  laws  and  jirinciples  which  include  both  the 
Hk^etable   and  the   animal    kingdom ;    and    which, 
^^perefore,  are  rcqui^^ite  to  render  intelligible  the  most 
^"jE^eneral  views  to  wliicli  we  can  attaiu,  respecting  the 
world  of  organization. 

The  facts  and  laws  of  reproduction  were  first 
studied  in  detail  in  animals.  The  subject  appears 
to  have  attracted  the  attention  of  some  of  the  philo- 
sophers of  antiquity  in  an  extraordinary  degree;  and 
indeed  we  may  easily  imagine  that  they  hoped,  by 
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following  tliis  jtath,  if  any,  to  Bolve  the  mysteiy  of 
cn?ation.  Aristotle  appears  to  liave  pursued  it  witli 
peculiar  complacency;  ami  his  great  work  On  Ani- 
mals contains'  an  extraordinary  collection  of  curious 
observations  relative  to  this  subject.  He  had  leamt 
the  modes  of  reproduction  of  most  of  the  animalB 
with  which  he  was  acquainted ;  and  his  work  is  still, 
OS  a  writer  of  our  own  times  has  said',  "original 
after  so  many  copies  and  young  after  two  thousand; 
years."  His  observations  referred  principally  to  till 
external  circumstances  of  generation:  the  anato 
mical  examination  was  left  to  his  successors.  With 
out  dwelling  on  the  intermediate  lalmurs,  we  ci 
to  modern  times,  and  find  that  this  examinatioi 
owes  its  greatest  advance  to  those  who  liad  the 
greatest  share  in  the  discovery  of  the  circulation  of 
the  blood; — Fabricius  of  Acquapendcnte,and  Harvey. 
The  former'  published  a  valuable  work  on  the 
and  the  chick.  In  this  are  given,  for  the  first  timey 
figures  rejiresenting  the  developement  of  the  chick, 
from  its  almost  imperceptible  beginning,  to  the  mo- 
ment when  it  breaks  the  shell.  Harvey  pursued 
the  researches  of  his  teacher.  Charles'  the  First  bad 
Bupplied  hira  with  the  means  of  making  the  experi- 
ments which  his  purpose  required,  by  sacriticiug  a 
great  number  of  the  deer  in  Windsor  Park  in  tho' 
state  of  gestation :  but  his  principal  researches  were 
those  respecting  the  egg,  in  which  be  followed  out 
the  views  of  Fabricius.     In  the  troubles  which  snc- 


'  Bourdon,  p.  Kil. 

'  Cuv.  Hist.  (So.  Nat.  p.  4G. 
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ided  the  death  of  the  unfortunate  Charles,  the 
house  of  Harvey  "was  pillaged ;  and  he  lost  the 
whole  of  the  labours  he  had  bestowed  on  the  gene- 
Bption  of  insects.  Hie  work,  £.reycitaliones  de  Gene- 
Wigtione  Animalium,  was  published  at  London  in  1G51; 
It  is  more  detailed  and  perfect  than  that  of  Fabri- 
cius ;  but  the  author  was  prevented  by  the  unsettled 
londition  of  the  country  from  getting  figures  engraved 
t  accompany  his  descriptions. 

I  Many  succeeding  anatomists  pursued  the  exami- 
ition  of  the  series  of  changes  in  generation,  and  of 
!  organs  which  are  concerned  in  them,  especially 
Aalpighi,    who    employed    the    microscope    in   this 
investigation,  and  whose  work  on  the    Chick  was 
^published  in  1673.     It  is  impossible  to  give  here  any 
Hfeneral  view  of  the  result  of  tliese  laborious  series 
Hw  researches  :  but  we  may  observe,  that  they  led  to 
an  extremely  minute  and  exact  survey  of  all  the 
parts  of  the  foetus,  its  envelopes  and  appendages, 
and,  of  course,  to  a  designation  of  tliese  by  appro- 
priate names.     These  names  afterwards  served  to 
mark  the  attempts  which  were  made  to  carry  the 
Bteialogy  of  animal   generation   into    the    vegetable 
^Bkingdom. 

^^  There  is  one  generall^tion  of  Harvey  which  de- 
serves notice.  He  was  led  by  his  researches  to  the 
conclusion,  that  all  living  things  may  be  properly 
said  to  come  from  eggs':  "  Omne  vivum  ex  ovo." 
Thus  not  only  do  oviparous  animals  jjroduce  by 
I  vivijmrous. 
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the  process  of  generation  begins  with  the  develope- 
ment  of  a  small  vesicle,  which  comes  from  the  ovaiy, 
and  which  exists  before  the  embryo :  and  thus  Tiyi- 
parous  or  suckling-beasts,  notwithstanding  their  name, 
are  bom  from  eggs,  as  well  as  birds,  fishes,  and  rep* 
tiles'.  This  principle  also  excludes  that  supposed 
production  of  organized  beings  without  parents  (of 
worms  in  corrupted  matter,  for  instance,)  which  was 
formerly  called  sponia?ieoiis  generation ;  and  the  best 
physiologists  of  modem  times  agree  in  denying  the 
reality  of  such  a  mode  of  generation  ^ 


Sect.  2. — The  Ea;amination  of  tlie  Process  of 
Reproduction  in  Vegetables. 

The  extension  of  the  analogies  of  animal  generation 
to  the  vegetable  world  was  far  from  obvious.  This 
extension  was  however  made; — with  reference  to 
the  embryo  plant,  principally  by  the  microscopic 
observers,  Neliemiah  Grew,  Marcello  Malpighi,  and 
Antony  Leeuwenhoek ; — with  respect  to  the  exist- 
ence of  the  sexes,  by  Linnaeus  and  his  predecessors. 
The  microscopic  labours  of  Grew  and  Malpighi 
were  patronised  by  the  Royal  Society  of  London  in 
its  earliest  youth.  Grew's  book.  The  AnaJUymy  of 
Plants  J  was  ordered  to  be  printed  in  1670.  It  con- 
tains plates  representing  extremely  well  the  process 
of  germination  in  various  seeds,  and  the  author's 
observations  exhibit  a  very  clear  conception  of  the 

'  Boiudon,  p.  122.  '  lb.  p.  49. 


ition  and  analogies  of  difierent  portions  of  tlie 
«b(m1.  Ou  tlie  tlay  on  wliich  the  copy  of  this  work 
was  laid  before  the  Society,  a  commuiiic&tion  from 
Mnlpighi  of  Bologna,  Aiiatomcs  Plantarum  Idva,  stated 
bis  researches,  and  jtromiBed  figures  which  should 
illustrate  them.  Both  authora  afterwards  went  on 
■with  a  long  train  of  valuable  observations  which 
they  published  at  variouB  times,  and  wliich  contain 
much  that  has  since  become  a  permanent  portion  of 
the  science. 

Both  Grew  and  Maljiighi  nere,  as  we  have  re- 
marked, led  to  apply  to  vegetable  generation  many 
terms  which  imjily  an  analogy  witli  the  generation 
of  animahi.  Tims.  Grew  terms  the  innermost  eoat  of 
the  seed,  the  ser.andim ;  speaks  of  the  iiavel-Jibres,  &c. 
Many  more  Buch  terms  have  been  added  by  other 
writers.  And,  as  has  been  observed  by  a  modera 
physiologist',  the  resemblance  is  striking.  Doth  in 
the  vegetable  seed  and  in  the  fertilized  animal  e^g, 
^jpTfi  have  an  embryo,  ckalazte,  a  placenta,  an  umbilical 
^^Wtf,  a  eicairiatla,  an  amnios,  membyaiies,  nourishing 
^^KMs.  Tlie  cotyledons  of  the  seed  are  the  equiva- 
lent of  the  viU'Um  of  birds,  or  of  the  umbilical  vesicle 
of  suokling-beasts:  the  aUmmen  or  pn-i-rpcrm  of  the 
gmin  iH  analogous  to  the  w/iife  of  tlte  egg  of  birds,  or 
the  nllantoid  of  viviparous  animals. 

SdJ-eji  of  PUtnia. — The   attribution  of    sexes    to 

nts,  is  a  uotion  which  was  very  early  adopted; 

.  only  gradually  unfolded  into  distinctness  and 

ility'.     The  ancients  were  acquaintctl  with  the 
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fecundation  of  vegetables.  Empedocles,  Aristotle, 
Theophrastus,  Pliny,  and  some  of  the  poets,  make 
mention  of  it :  but  their  notions  were  very  inoom- 
plete,  and  the  conception  was  again  lost  in  the 
general  shipwreck  of  human  knowledge.  A  Latin 
poem,  composed  in  the  fifteenth  century  by  Jovianus 
Pontanus,  the  preceptor  of  Alphonso,  King  of 
Naples,  is  the  first  modem  work  in  which  mention 
is  made  of  the  sex  of  plants.  Pontanus  sings  the 
loves  of  two  date-palms,  which  grew  at  the  distance 
of  fifteen  leagues  from  each  other:  the  male  at 
Brundusium,  the  female  at  Otranto.  The  distance 
did  not  prevent  the  female  from  becoming  fruitful, 
as  soon  as  the  palms  had  raised  their  heads  above 
the  surrounding  trees,  so  that  nothing  intervened 
directly  between  them,  or,  to  speak  with  the  poet,  so 
that  they  were  able  to  see  each  other. 

Zaluzian,  a  botanist  who  lived  at  the  end  of  the 
fifteenth  century,  says  that  the  greater  part  of  the 
species  of  plants  are  androgynes^  that  is,  have  the 
properties  of  the  male  and  of  the  female  united  in 
the  same  plant ;  but  that  some  species  have  the  two 
sexes  in  separate  individuals;  and  he  adduces  a 
passage  of  Pliny  relative  to  the  fecundation  of  the 
date-palm.  John  Bauhin,  in  the  middle  of  the 
seventeenth  century,  cites  the  expressions  of  Zalu-* 
zian ;  and  forty  years  later,  a  professor  of  Tiibingen, 
Rudolph  Jacob  Camerarius,  pointed  out  clearly  the 
organs  of  generation,  and  proved  by  experiments  on 
the  mulberry,  on  maize,  and  on  the  plant  called 
mercury  {mercurialis)^  that  when  by  any  means  the 
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^!on  of  the  stamina  upon  the  pistils  is  intercepted, 
the  seeds  arc  barren-  Camerarius,  therefore,  a  jihi- 
losopher  in  otlier  rosjwcts  of  little  note,  has  the 
honour  assigned  him  of  Ixsing  the  author  of  the 
discovery  of  the  sexes  of  plants  in  modern  times'". 

The  merit  of  this  discovery  Mill,  perhaps,  appear 
more  considerable  when  it  is  recollected  that  it  was 
rejected  at  first  by  very  eminent  botanists.  Thus 
Tounicfort,  misled  by  insufficient  experiments,  main- 
tained that  the  stamina  are  excretory  organs ;  and 
Reaumur,  at  the  beginning  of  the  eighteenth  cen- 
tury, inclined  to  the  same  doctrine.  Upon  this, 
Geof&oy,  an  apothecary  at  Paris,  scrutinized  afiesli 
the  sexual  organs ;  he  examined  the  various  forms 
of  the  pollen,  already  observed  by  Grew  and  Mai- 
pighi ;  he  pointed  out  the  excretory  canal,  which 
descends  tlirough  the  style,  and  the  micropf/lc,  or 
minute  orifice  in  the  coats  of  the  ovule,  which  is 
opposite  to  the  extremity  of  this  canal ;  though  he 
committed  some  mistakes  with  regard  to  the  nature 
of  the  pollen.  Soon  afterwards,  Sebastian  Vaillant, 
the  pnpil  of  Toumefort,  hut  the  corrector  of  his 
error  on  this  subject,  explained  in  his  public  lec- 
tures the  pheuomenon  of  the  fecundation  of  i>lant3, 
described  the  explosion  of  the  anthers,  and  showed 
that  the  Jlwcts  of  composite  flowers,  though  formed 
on  the  type  of  an  androiu/iious  fiower,  arc  sometimes 
male,  sometimes  female,  and  sometimes  neuter. 
But  though  the  sexes  of  plants  had  thus  been 
,  the  subject  drew  far  more  attention  when 
"  Mirlel,  ii.  539. 
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Linnaeus  made  the  sexual  parts  the  basis  of  his  classi- 
fication. Camerarius  and  Burkard  had  already 
entertained  such  a  thought,  but  it  was  Linnaeus  who 
carried  it  into  ofTect,  and  thus  made  the  notion  of 
the  sexes  of  vegetables  almost  as  familiar  to  us  as 
that  of  the  sexes  of  animals. 

Sect.  3. — 17ie  Consequent  Speculation. — HypotJiem 

of  Generation. 

The  views  of  the  processes  of  generation,  and  of 
their  analogies  throughout  the  whole  of  the  organic 
world,  which  were  tlius  established  and  difiused, 
form  an  important  and  substantial  part  of  our  phy- 
siological knowledge.  That  a  number  of  curious 
but  doubtful  hypotheses  should  be  put  forwards,  for 
the  purpose  of  giving  further  significance  and  con- 
nexion to  these  discoveries,  was  to  be  expected.  We 
must  content  ourselves  with  speaking  of  these  very 
briefly.  We  have  such  hypotheses  in  the  earUest 
antiquity  of  Greece ;  for  as  we  have  already  said, 
the  speculations  of  cosmogony  were  Uie  source  of 
the  Greek  philosophy ;  and  the  laws  of  generation 
appetired  to  offer  the  best  promiso  of  knowledge 
respecting  the  mystery  of  creation.  Hippocrates 
explained  the  production  of  a  new  animal  by  the 
miMure  of  seed  of  the  parents ;  and  the  of&pring 
was  male  or  female  as  the  seminal  principle  of  the 
father  or  of  tlie  mother  was  the  more  powerful. 
According  to  Aristotle,  the  mother  supplied  the 
matter^  and  the  father  ihefoiitn.  Harvey's  doctrine 
was,  that  the  ovary  of  the  female  is  fertilized  by  a 
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minal  contatjiim  produced  by  the  seed  of  the  male. 
But  an  opinion  which  obtained  far  more  general  re- 
ception was,  that  the  emhryo  prc-carisicd-  in  the  mother, 
before  any  union  of  the  sexes".  It  is  easy  to  see 
that  this  duetrinc  is  accompanied  with  groat  difficul- 
ties"; for  if  the  mother,  at  the  beginning  of  life, 
contain  in  her  the  embryos  of  all  her  future  chil- 
dren ;  thesu  embryos  again  must  contain  the  chil- 
dren which  they  are  capable  of  producing;  and  so 
on  Indefinitely ;  and  thus  each  female  of  each  species 
contains  in  herself  the  germs  of  infinite  future  gene- 
rations. The  iKtrpIesity  which  is  involved  in  this 
notion  of  an  endless  series  of  creatures,  thus  encased 
one  within  the  other,  has  naturally  driven  inquirers 
to  attempt  other  suppositions.  The  microscopic  re- 
searches of  Loewenhoek  and  others  led  them  to  the 
belief  that  there  are  certain  animalcules  contained 
in  the  seed  of  the  male,  which  nre  the  main  agents 
in  the  work  of  reproduction.  Tliis  system  ascribes 
almost  everything  to  the  male,  as  the  one  last  men- 
tioned does  to  the  female.  Finally,  we  have  the 
gyatoni  of  Buffim ; — the  famous  hypothesia  of  organic 
molecuks.  That  jihilosopher  asserted  that  he  found, 
by  the  aid  of  the  microscope,  all  nature  full  of 
moving  globules,  which  he  conceived  to  be,  not 
auimals  as  Leewenhook  imagined,  but  bodies  capable 
of  producing,  by  their  combination,  either  animals 
or  vegetables,  in  short,  all  organized  bodies.  These 
globules  he  called  organic  molccuks".  And  if  we 
inquire  how  these  organic  molecules,  proceeding 
"  Bounloii,p.204.  "  lb.  p.  209.  "  nj.p.219. 
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ff^pm  «I]  yuruk  'X  iLe  tiro  parem^.  imise  iim*  s  'viiiik. 

MKifr'v«|^fn^  tLat  tlii»  i%  tLe  ^fft^ci  of  an  zmerH9r  m/oM: 
tliat  i^  of  a  fvitxem  of  intenuJ  lavf  snd  xsnofiocifi 
vtiidii  dr.^urmjxM;  the  fons  of  tlie  resnb  a»  sn  f^LHnd 

Ari  nAmiffff  of  BnffoD,  iriio  ba£  ireS  abcnra  i^ 
uuUffiaJiAfi  cliaracter  of  tlij£  frsoiem.  ha^  m^ned.  a^  a 
kind  of  ajKiUigy  for  the  pfrc«inilj!a2k«i  of  dbe  hyp^ 
th^ftniii  \  that  at  the  period  "vben  hs  smharwraui. 
lie  c^iuld  not  |ire«fent  hi«  factfi  with  anj  hope  «f  You 
ottende^l  t/n  if  he  did  not  oonnect  them  hr  Mae 
c^immon  tie,  Hiptne  dominant  idea  which  miglii  patiff 
tlie  mind ;  and  tliat,  acting  under  this  necessitT;  he 
did  well  Up  Kul>Htitute  for  the  extant  theories  already 
HniHfrtiunimU:d  and  confessedly  imperfect,  conjectiires 
more  original  and  more  proljable.  Without  dissent- 
ing from  thiK  view,  we  may  observe,  that  Bnflbn's 
theory,  like  those  which  preceded  it,  is  excnsaUe, 
and  even  deserving  of  admiration,  so  fiu*  as  it  groups 
the  ftJUttH  consistently;  }>ecause  in  doing  this,  it 
exhiliits  the  necessity,  which  the  physiological  spe- 
culator ouglit  to  feel,  of  aspiring  fo  definite  and  solid 
general  princijiles ;  and  that  thus,  though  the  theoiy 
nuiy  not  be  established  as  true,  it  may  be  useful  by 
bringing  into  view  the  real  nature  and  application 
of  such  principles. 

It  is,  therefore,  according  to  our  views,  unphilo- 
Hojihical  to  derive  despair,  instead  of  hope,  from  the 
imperfoct  success  of  Buffon  and  his  predecessors. 

>«  Bourdon,  p.  221. 


tliia  is  what  is  done  by  the  writer  to  whom  wo 
.  "For  me,"  eays  he",  "I  avow  that,  after 
long  meditated  on  the  system  of  Bnffnn, — a 
system  so  remarkable,  so  ingenious,  so  well  matured, 
80  wonderfully  connected  in  all  its  parts,  at  first  sight 
BO  probable ; — I  confess  that,  after  this  long  study, 
and  the  researches  whicli  it  requires,  I  have  con- 
ceived, in  consequence,  a  distrust  of  myself,  a  scep- 
ticism, a  disdain  of  hj-pothetical  systems,  a  decided 
predilection  and  exclusive  taste  for  pure  and  rational 
irvation,  in  short,  a  disheartening,  which  I  had 
T  felt  before." 

'he  best  remedy  of  such  feelings  is  to  be  found 
in  the  history  of  science.  Kepler,  when  he  had 
been  driven  to  reject  the  solid  epicycles  of  the 
ancients,  or  a  person  who  had  admired  Kepler  as 
M.  Bourdon  admires  Buftbn,  hut  who  saw  that  his 
magnetic  virtue  was  an  untenable  fiction,  might, 
in  the  same  manner,  have  thrown  up  all  hope  of  a 
sound  theory  of  the  causes  of  the  celestial  motions. 
But  astronomers  were  too  wise  and  too  fortunate 
to  yield  to  such  despondency.  The  predecessors  of 
ton  substituted  a  solid  science  of  mechanics  for 
ague  notions  of  Kepler;  and  the  time  soon 
when  Newtun  himself  reduced  the  motions  of 
heavens  to  a  law  as  distinctly  conceived  as  the 
IDS  had  been  before. 
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CHAPTER  Y. 

Examination  of  the  Nervous  System,  and 
consequent  speculations. 


Sect.  1. — The  Kramination  of  the  Nervous  System. 

It  is  hardly  necessary  to  illustrate  by  further  exam* 
pies  the  manner  in  which  anatomical  observation  has 
produced  conjectural  and  hypothetical  attempts  to 
connect  structure  and  action  with  some  higher  prin- 
ciple, of  a  more  peculiarly  physiological  kind.  But  it 
may  still  be  instructive  to  notice  a  case  in  which  the 
principle,  which  is  thus  brought  into  view,  is  far  more 
completely  elevated  above  the  domain  of  matter  and 
mechanism  than  in  those  we  have  yet  considered ; — 
a  case  where  we  have  not  only  irritation,  but  sensa- 
tion ; — not  only  life,  but  consciousness  and  will.  A 
part  of  science  in  which  such  suggestions  present 
themselves,  brings  us,  in  a  very  striking  manner,  to 
the  passage  from  the  physical  to  the  hyi>eri>hysical 
sciences. 

Wo  have  seen  already,  that  Galen  and  his  prede- 
cessors had  satisfied  themselves  that  the  nerves  are 
the  channels  of  perception ;  a  doctrine  which  had  been 
distinctly  taught  by  Herophilus*  iti  the  Alexandrian 
school.     Ilerophilus,  however,  still  combined,  under 

'  Spr.  i.  534. 
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this  common  name  of  nerves,  the  tendons;  thougU 
lie  distingnisliod  snch  nerves  from  those  wliicli  arise 
from  the  brain  and  the  spinal  marrow,  and  which 
are  Buhserrient  to  the  will.  In  Galen's  time  this 
subject  had  been  prosecuted  more  into  detail.  That 
Anatomist  has  left  a  Treatise  expressly  upon  "  Tho 
Anatomy  of  the  Nerves ;"  in  which  he  describes  the 
succes»^ive  pairs  of  nerves:  thus,  tho  first  pair  are 
tho  visual  nerves:  and  we  see,  in  the  language 
which  Galen  uses,  the  evidence  of  the  care  and 
interest  with  which  he  had  himself  examined  them. 
"  Tliese  nerves,"  he  says,  "  are  not  resolved  into 
many  fibres,  lilte  all  the  other  nerves,  when  they 
reach  the  organs  to  which  they  belong;  but  spfead 
out  in  a  different  and  very  remarkable  manner, 
which  it  is  not  easy  to  describe  or  to  believe,  with- 
out actually  seeing  it."  He  then  gives  a  description 
of  the  retina.  In  Hlte  manner  he  describes  the 
second  pair,  which  is  distributed  to  the  muscles  of 
tho  eyes;  the  third  and  fourth,  which  go  to  tho 
tongue  and  palate;  and  so  on  to  the  seventh  pair. 
This  division  into  seven  pairs  was  established  by 
Mftrinus",  but  Vesalius  found  it  to  bo  incomplete. 
The  examination  which  is  the  basis  of  the  present 
division  of  the  nerves,  was  that  of  Willis.  His  book, 
entitled  Cerebri  Anatonie,  ad  accessit  Nervmtim  de^ 
scripfio  ct  ustts,  appeared  at  London  in  1604.  He 
made  important  additions  to  the  knowledge  of  this 
mibject*.    Thus  ho  is  the  first  who  describes  in  a 
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distinct  manner  what  has  been  called  the  nemm 
centre\  the  pyramidal  eminences  which,  according 
to  more  recent  anatomistsy  are  the  commnnication 
of  the  brain  with  the  spinal  marrow :  and  of  which 
the  decussation^  described  by  Santorini,  affords  the  ex- 
jilanation  of  the  action  of  a  part  of  the  brain  npon  the 
nerves  of  the  opposite  side.  Willis  proved  also  that 
the  rete  mirabilej  the  remarkable  net-work  of  arteries 
at  the  base  of  the  brain,  observed  by  the  ancients  in 
ruminating  animals,  does  not  exist  in  man.  He  de- 
scri})ed  tlic  different  pairs  of  nerres  with  more  care 
tlian  his  predecessors ;  and  his  mode  of  nnmbeiing 
them  is  employed  up  to  the  present  time.  He  calls 
the  olfactory  nerves  the  first  pair ;  previously  to  him, 
these  were  not  reckoned  a  pair :  and  thus  the  optic 
nerves  were,  as  we  have  seen,  called  the  first.  He 
added  tlie  sixth  and  the  ninth  pairs,  which  the  ana- 
tomists wlio  j)receded  him  did  not  reckon.  Willis  also 
examined  carefully  the  different  ganglionsj  or  knots 
which  occur  upon  the  nerves.  He  traced  them  wher- 
ever they  were  to  be  found,  and  he  gave  a  general 
figure  of  what  Cuvier  calls  the  nervous  skeleton^  xerj 
8U])erior  to  that  of  Vesalius,  which  was  coarse  and 
inexact.  Willis  also  made  various  efforts  to  show  the 
connexion  of  the  parts  of  the  brain.  In  the  earlier 
])oriods  of  anatomy,  the  brain  had  been  examined  by 
slicing  it,  so  as  to  obtain  a  section.  Varolius  endea- 
voured to  unravel  it,  and  was  followed  by  Willis. 
Vicq  d'Azyr,  in  modem  times,  has  carried  the 
method  of  section  to  greater  perfection  than  had 

*  Cuv.  Sc.  Nat.  p.  385. 
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I  been  given  it';  as  Viensseus  and  Gall  bavc 
done  with  resiiect  to  the  method  of  Varolius  and 
Willis.  Recently,  Professor  Chaussier'  makes  thrco 
kinds  of  nerves : — tlie  enccphtilic,  wliicli  proceed  from 
the  bead,  and  are  twelve  on  each  side; — the  rachi- 
dian,  which  proceed  from  tlie  spinal  marrow,  and 
are  thirty  on  eacli  side ; — and  cofnpomtd  nerves,  among' 
which  is  the  great  sj/mpatltciic  nerve. 

One  of  the  most  important  Bteps  ever  made  in 
our  knowledge  of  tlie  nerves  is,  the  distinction 
which  Bichat  is  supposed  to  have  establislied,  of  a 
ganglimdc  systetn,  and  a  cerebral  system.  And  wo 
may  add,  to  the  discoveries  in  nervous  anatomy, 
the  remarkable  one,  made  in  our  own  time  by 
Sir  Charles  Bell  and  Sir.  Mayo',  that  the  two  offices 
of  conducting  the  motive  impressions  from  the  cen- 
tral seat  of  the  will  to  the  muscles,  and  of  pro- 
pagating sensations  from  the  surface  of  the  body 
and  the  external  organs  of  sense  to  the  sentient 
mind,  reside  in  two  distinct  portions  of  the  nen'ous 
substance : — a  discovery  which  iias  been  declared'  to 
be  "  doubtless  the  most  important  accession  to  jihy- 
Bioiogical  (anatomical)  knowledge  since  the  time  of 
Harvey." 

•  Cut.  p.  40.  •  Diet.  Sc.  Nat.  sxxv.  4G7. 

'  Miiyo's  Physiology,  p.  191.  Mr.  Mayo  jiointed  out  the 
necMwity  uf  (liritling  the  itervus  which  proceed  to  the  luusclcs 
of  the  nionlh  from  Iml/i  sides  the  fitcc,  bcfure  those  muscles 
could  he  conBidcrciI  us  dctochtd  from  the  bruiu. 

*  Dr.  Cluulcs  Ilemy's  Report  of  Brit.  Asso.  tii.  p.  G2.    ' 
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Sect  2. — Th^  Co)iseqiient  Spectdatiom.     Hypotheses 
respecting  Lifc^  Sematiojiy  and  Volition. 

I  SHALL  not  attempt  to  explain  the  details  of  these 
anatomical  investigations;  and  I  shall  speak  very 
briefly  of  the  speculations  which  have  been  suggested 
by  the  obvious  subservience  of  the  nerves  to  life, 
sensation,  and  volition.  Some  general  inferences 
from  their  distribution  were  sufficiently  obvious ;  as, 
that  the  seat  of  sensation  and  volition  is  in  the 
brain.  Galen  begins  his  work,  on  the  Anatomy  of 
the  Nerves,  thus:  "  That  none  of  the  members  of  the 
animal  either  exercises  voluntary  motion,  or  receives 
sensatioti,  and  that  if  the  nerve  be  cut,  the  part 
immediately  becomes  inert  and  insensible,  is  acknow- 
ledged by  all  physicians.  But  that  the  origin  of  the 
nerves  is  partly  from  the  brain,  and  partly  from  the 
spinal  marrow,  I  proceed  to  explain."  And  in  his 
work  On  the  Doctrines  of  Plato  and  Hippocrates, 
he  proves  at  great  length*  that  the  brain  is  the  origin 
of  sensation  and  motion,  refuting  the  opinions  of 
earlier  days,  as  that  of  Clirysippus'*,  who  placed  the 
hegemonic^  or  master-princijdc  of  the  soul,  in  the 
heart.  But  though  Galen  thought  that  the  rational 
soul  resides  in  the  brain,  he  was  disposed  to  agree 
vAi\i  the  poets  and  philosophers,  according  to  whoM 
the  heart  is  the  seat  of  courage  and  anger,  and  the 
liver  the  seat  of  love  ^  \    The  faculties  of  the  soul  were 

•  lib.  7.  *•  Lib.  iii.  c.  1.  "  lib.  Ti.  c.  8. 
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Aj"  sucoocding  plijsiologists  confined  to  the  brain; 

JUt  the  disposition  ^till  gUowod  itself,  to  attribute  to 

Ibem  distinct  localities.     Thus  Willis"  places  the 

Dian-iuatioii  in  the  corpus  callosiim,  the  mcmorj  in 

■  folds  of  the  hemispheres,  the  perception  in  tho 

m-pttx  striatum.     In  more  recent  times,  a  system 

founded  upon    a    similar   view    has    been   fiirtber 

developed  by  Gall  and  his  followers.     Tho  germ  of 

Gall's  system  maybe  considered  as  contained  in  that 

of  Willis ;    for  Gal!  represents  tho  hemispheres  as 

>  folds  of  a  great  membrane  which  is  cajiable  of 

sing  unwni]ijted  and  spread  out,  and  places  the 

ifibrent  faculties  of  man  in  the  different  regions  of 

Ilia  membrane.      The  chasm  which  intervenes  be-* 

Ween   matter    and   motion  on   the    one    side,  and 

night  and  feeling  on  tho  other,  is  brought  into 

by  all  such  systems;  but  none  of  the   hypo^ 

?6  which   they  involve  can  effectually  Ijridge  it 


,  Tho  same  observation  may  be  made  respecting  the 

Ittempts  to  explain  the  manner  in  which  the  nerves 

nmto  as  the  instruments  of  sensation  and  volition. 

Fei^apB  a  real  steji  was  made  by  Glisson",  professor 

r  medicine  in  the  Umversity  of  Cambridge,  who 

btinguishcd  in  the  fibres  of  tho  muscles  of  motion 

jliar  property,  different  from  any  merely  me- 

licjil  or  piiysical  action.     His  work  On  (he  Nature 

3  Snertjelic  Sudslaticc,  or  on  the  Life  of  Nature 

!  of   its  Tlvree  First  Faculties,    T/ie  Perceptive, 


'  Cuv.  Sc.  Nat.  p.  384, 


'  lb.  p.  -134.  , 


428  HISTORY  OF  physiology. 

Appetitive,  and  Motive^  which  was  published  in  1 672, 
is  rather  metaphysical  than  ]»hysiological.  But  the 
principles  which  he  establishes  in  this  treatise  he 
api)lies  more  specially  to  physiology  in  a  treatise  0» 
the  Stomach  and  Intestines  (Amsterdam,  1677).  In 
this  he  ascribes  to  the  fibres  of  the  animal  body  a 
peculiar  power  which  he  calls  irritabilitif.  He 
divides  irritation  into  natural,  vital,  and  animal; 
and  he  points  out,  though  briefly,  the  gradual  dif- 
ferences of  in-itability  in  different  organs.  "  It  is 
hardly  comprehensible,"  says  Sprengel'*,  "  how  this 
lucid  and  excellent  notion  of  the  Cambridge  teacher 
was  not  accepted  with  greater  alacrity,  and  further 
unfolded  by  his  contemporaries."  It  has,  however, 
since  been  universally  adopted. 

But  though  the  discrimination  of  muscular  irri- 
tability as  a  peculiar  power,  might  be  a  useful  step 
in  physiological  research,  the  explanations  hitherto 
offered,  of  the  way  in  which  the  nerves  operate  on 
this  irritability,  and  discharge  their  other  offices, 
present  only  a  series  of  hypotheses.  Glisson" 
assumed  the  existence  of  certain  vital  spirits,  which, 
according  to  him,  are  a  mild,  sweet  fluid,  resembling 
the  6i)irituous  part  of  white  of  e^g,  and  residing  in 
the  nerves.  Tliis  hypothesis,  of  a  very  subtle 
numour  or  spirit  existing  in  the  nerves,  was  in- 
deed very  early  taken  up'\  This  nervous  spirit 
had  been  compared  to  air  by  Erasistratus,  Ascle- 
piades,  Galen,  and  others.  Tlio  chemical  tenden- 
cies of  the  seventeenth   century  led   to   its  being 

>*  Spr.  iv.  47.      "  lb.  ir.  30.       »•  Ilallcr,  Physiol,  iv.  365. 


described  as  acid,  fmlphnreoaa,  or  nitrous.  At  tUo 
end  of  that  centurr,  the  faypotheM  of  an  et/nr 
attracted  much  notice  as  a  means  of  •eeooottng  fur 
many  jihenomcua ;  and  tha  etb^  was  idvntified 
vrith  the  nerrous  flnki.  Newton  himself  incliuoK  t*i 
this  view,  tn  the  remarkable  queries  whtclj  are 
annexed  to  his  -Optics."  After  ascrihin;»  many 
]ihysieal  effects  to  bis  ether,  he  aAils  (Query  23), 
"  Is  not  vision  performed  chiefly  by  the  vihratious  of 
this  nic<liuni,  excited  in  the  bottom  of  the  eye  by 
the  rays  of  light,  and  propagated  through  the  solid, 
pellucid,  and  uniform  capillamenta  of  the  nerves 
into  the  place  of  sensation  T  And  (Query  24),  "  In 
not  animal  motion  performed  by  the  vibrations  of 
this  medium,  excited  in  the  brain  by  the  ]H)wer  of 
tlie  will,  and  projiagated  from  thence  through  the 
rnpillamcnta  of  the  nerves  into  the  muscles  for  con- 
tracting and  dilating  them  ?"  And  an  opinion 
Approaching  this  has  been  adopted  by  some  of  the 
greatci^t  of  modem  physiologists ;  as  Ilallcr,  who 
i'*,  that,  though  it  is  more  easy  to  find  wliat  this 
rroQS  spirit  is  not  than  what  it  is,  ho  conceivee 
,  while  it  muat  be  far  too  fine  to  bo  jicrccived 
f  tho  sense,  it  must  yet  be  more  gross  than  fire, 
[netism,  or  electricity;  so  that  it  may  bo  con- 
1  in  vessels,  and  confmed  by  boundarict).  And 
trier  speakfi  to  the  same  eflecf:  "There  isagreat 
tobability  that  it  is  by  an  imponderable  fluid  that 
i  nerve  acts  on  the  fibre,  and  that  thia  nervous 


'  Phyaiol.  iv.  38],  lib.  x.  Met.  viii.  §  1.'^. 
*  negiw  Animal,  liilroil.  p.  .30. 
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fluid  is  drawn  from  the  blood,  and  secretxKl  by  the 
medullary  matter." 

Without  presuming  to  dissent  from  such  authori- 
ties on  a  point  of  anatomical  probability,  we  may 
venture  to  observe,  that  these  hypotheses  do  not 
tend  at  all  to  elucidate  the  physiological  principle 
which  is  here  involved ;  for  this  principle  cannot  be 
mechanical,  chemical,  or  physical,  and  therefore  can- 
not be  better  understood  by  embodying  it  in  a  fluid; 
the   difliculty   we   have    in    conceiving    what   the 
moving  force  w,  is  not  got  rid  of  by  explaining  the 
machinery  by  which  it  is  merely  transferred.     In 
tracing  the  |)henomena  of  sensation  and  volition  to 
their  cause,  it  is  clear  that  we  must  call  in  some 
peculiar  and   hviwrjihysical  principle.      The  hypo- 
thesis of  a  fluid  is  not  made  more  satisfactory  by 
attenuating  the  fluid ;  it  becomes  subtle,  spirituous, 
ethereal,  imponderable,  to  no  purpose ;  it  must  cease 
to  be  a  fluid  before  its  motions  can  become  sensa- 
tion and  volition.     This,  indeed,  is  acknowledged  by 
most  physiologists ;  and  strongly  stated  by  Cuvier •*. 
**  The  impression  of  external  objects  upon  the  me, 
the   production   of  a   sensation,  of  an   image,  is  a 
mystery  impenetrable  for  our  thoughts."     And  in 
several  places,  by  the  use  of  this  peculiar  phrase, 
•*  the  me^  {le  fnoiy)  for  the  sentient  and  volent  faculty, 
he  marks  with   peculiar  appropriateness  and  force 
that  phraseology  borrowed  from  the  world  of  matter 
will,  in  this  subject,  no  longer  answer  our  purpose. 


19 
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Ih  have  here  to  go  from  nouns  to  pronouns,  from 
^lg«  to  persons.  We  pass  from  tlie  body  to  the 
id,  from  physios  to  meta])hy6it!8.  Wo  ai-e  come  to 
t  borders  of  materiiU  pbilosojiliy ;  tUo  iiuxt  Btep  is 
|D  the  domain  of  thought  and  mind.  Here,  tlierc- 
JB.  we  begin  to  foel  that  wc  have  reached  tlie 
undaries  of  our  present  subject.  Tlie  examination 
of  that  which  lies  beyond  tiiem  must  be  resurved  for 
a  philosophy  of  another  kind,  and  fur  the  labours 
of  the  future ;  if  we  are  ever  enabled  to  make  the 
attempt  to  extend  into  that  loftier  and  wider  scene, 
the  principles  which  we  gatliur  on  the  gi-ound  we 
are  now  lalioriously  treading, 

I  Such  speculations  as  I  have  quoted  respecting  the 
rrouB  fluid,  proceeding  from  some  of  the  greatest 
lloBOphers  who  ever  li^cd,  prove  only  that  hitherto 
p  endeavour  to  comprehend  the  mystery  of  percep- 
n  and  will,  of  hfe  and  thought,  have  been  fruitless 
and  vain.  Many  anatomical  truths  have  been  dis- 
covered, but,  so  far  as  our  survey  has  yet  gone,  no 
Tiuine  physiological  principle.  All  the  trains  ot 
Biological  research  which  we  have  followed  have 
iin  in  exact  examination  of  organization  and 
iction,  and  have  ended  in  wide  conjectures  and 
Intrary  hypotheses.  The  stream  of  knowledge  in 
Lfluch  cases  is  clear  and  lively  at  its  outset ;  but, 
1  of  reaching  the  great  ocean  of  the  general 
of  science,  it  is  gradually  spread  abroad 
■ong  sands  and  deserts  till  its  course  can  be  traced 
I  longer. 
Klitherto,  therefore,  wo  must  consider  that  we  have 
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had  to  tell  the  story  of  the  failures  of  physiological 
speculation.  But  of  late  there  have  come  into  view 
and  use  among  physiologists  certain  principles  which 
may  be  considered  as  peculiar  to  organized  subjects ; 
and  of  which  the  introduction  forms  a  real  advance 
in  organical  science.  Though  these  have  hitherto 
been  very  imperfectly  developed,  we  must  endeavour 
to  exhibit,  in  some  measure,  their  history  and 
bearing. 


CHAPTER  TI. 


;ODUCnON    OF   THE    PRINCIPLE   OF    DEVELOPED 

AND  Metamorphosed  Symmetey. 


Sect.  1. —  Vegetable 


De  CandoUe. 


Before  we  proceed  to  consider  the  jirogress  of  prin- 
ciples which  belong  to  animal  and  human  life,  such 
as  have  Just  been  pointed  at,  we  must  look  round 
for  such  doctrines,  if  any  such  there  be,  as  apply 
alike  to  all  organized  beings,  conscious  or  uncon- 
scious, fixed  or  locomotive; — to  the  laws  which 
regulate  vegetable  as  well  as  animal  forms  and 
functions.  Though  we  are  very  far  from  being  able 
to  present  a  clear  and  connected  code  of  such  laws, 
we  may  refer  to  one,  at  least,  which  appears  to  be  of 
genuine  authority  and  validity;  and  which  is  worthy 
our  attention  as  an  example  of  a  properly  organical 
or  physiological  principle,  distinct  from  all  mecha- 
nical, chemical,  or  other  physical  forces ;  and  such 
as  cannot  even  be  conceived  to  be  resolvable  into 
those.  I  speak  of  the  tendency  which  produces  such 
remilts  as  have  been  brought  together  in  recent 
Illations  upon  Morpkologjj. 

ttt  may  perhaps  be  regarded  as  an  indication  how 
iliar  are  the  prmciplos  of  organic  Ufe,  and  how 

[rOL.  III.  3  F 
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•ironed  V  aad  eSktuir^.r  aEMW«rEifi=iL  aitc  Iw  s  U*- 

niiiguiarlj  brilliant   ^^d   creA^Te   acer;  zk<  Inr  a 
tritithi;maticiiiri  or  cbemi^  l«E  bj  &  j^^ec.     Ai>d  we 
inuy  fuld  further,  that  this  [^jec  ba^i  slET^e^fy  «b&vi 
liliiiNolf  inraiialile  of  riditlr  apprei^endinz  zhe  lesbikM 
of  pliyNirul  ffu;tH  to  tkeir  priiici{de$:  and  lad.  ia 
trying  Iun  powcrK  on  tiuch  subjects. extdbiied a asinl 
liiMliiiirn  oftlu^  itu;ir(«ctual  and  perrer^e  opetaiiooof 
th(t  iiioIImmI  of  |>liiloi!K>phizing  to  vhkh  the  conetiia* 
Umii  of  hiN  mind  lod  liim.     The  person  of  wbom  m 
ipouk,  wiiH  Jolin  Wolfgang  Gothe,  who  b  heM,  by 
Iho  uuuninioUM  voico  of  Europe,  to  haTe  been  one  of 
tho  MfhMititHt  poilH  of  our  own,  or  of  any  time,  and 
wUoNo  **  l>iH*trino  of  Colours"  we  have  abreadT  had 
to  dtHioi'll)c\  in  tho  iliHtory  of  Optics,  as  an  entire 
tUiluns     V(tl  \\\H  viowH  on  the  laws  which  connect 
tho  f4)nuM  of  plant H  into  one  simple  system,  have 
\\%>\^\\  ((tuiomll.v  accepted  and  followed  up.    We  might 
ulnioMt  Im)  UmI   to  think  that  this  writer's  poetical 
t^mliiwuioutH  had  (*ontrihuted  to  this  scientific  dis- 
oiivory  ;-~thu  lovo  of  beauty  of  form,  by  fixing  the 
ttttuntlou  upon  tho  symmetry  of  plants;   and  the 
enmtivu    habit   of    thought^   by    making    constant 
dovolupoment  a  familiar  process*. 

*  Wo  mny  quote  lomc  of  tho  poet's  own  verses  as  an  illus- 
tnUioii  of  hii  feelings  on  this  suhject.  Thej  are  addressed  to  a 
Udjr. 

Dich  vcrwirrot,  geliobto,  die  tauscndf  iiltige  mischting 
DItsss  UuaM^8«wUh]s  Uber  dem  gaiien  umher; 


PBINCIPLB  OF  METAMORPHOSED  SYMMETRY. 

Hit  though  we  cannot  but  remark  the  jieculinrity 
cf  our  being  indebted  tQ  a  poet  for  tho  discovery  of 
a  ecientific  principle,  we  must  not  forget  that  he 
hiinself  held,  ttiat  in  making  this  step,  he  had  been 
guided,  not  by  his  invention,  but  by  observation. 
He  repelled,  with  extreme  repugnance,  the  thought 
that  he  had  substituted  fancy  for  fact,  or  imposed 
ideal  laws  on  actual  things.  Wliile  he  was  earnestly 
pursuing  his  morphological  speculations,  he  attempted 
to  impress  tlieni  upon  Schiller.  "  I  expounded  to 
him,  in  as  lively  a  manner  as  possible,  the  metamor- 
phosis of  plants,  drawing  on  paper,  with  many  char- 
racteristio  strokes,  a  symbolic  plant  before  his  eyes. 
He  heard  me,"  Gothe  says',  "  with  much  interest 
and  distinct  comprehension ;  but  when  I  had  done, 
he  shook  his  head,  and  said,  '  That  is  not  experience ; 
that  is  an  idea:'  I  stopt  with  some  degree  of  irrita- 
tion ;  for  the  point  which  separated  us  was  marked 
most  luminously  by  this  expression."     And  in  the 

Viele  nanifn  horest  du  &n,  uud  immcr  verdriingcl, 
Mit  barbariicheni  klang,  einer  den  andeni  im  uhr. 

Alia  geatnlUBt  aiud  ahnlich  nnd  keine  gloiohet  der  nndemt 

Und  Ko  deutct  dan  chor  auf  eiii  geheimts  gosetz, 
'Auf  einheiliges  rSlhael.    0!  kannle  ith  dioli,  liebUdie  freundiim, 
Veberliufem  so  gleicli  gliicklicli  daa  liisiiude  wort, 

mj  love,  art  perplext  with  tl»  eudlesa  teeming  oonfiuisB 
Of  the  luximoDt  weuItU  u'lucU  in  tliL'  garden  is  spread ; 
Name  upon  nnine  thou  Leftrost,  and  in  tliy  dissatisfied  hearing, 

Willi  a  barbarian  noiae  one  drives  aUDther  along. 
All  the  fuTins  resemble,  jet  none  is  the  same  oa  another; 

the  whole  of  the  throng  points  at  a  dei'p  hidden  law, 

kteftt  a  sacred  riddle.     QUI  could  1  to  thee,  mj  beloved  friend, 

the  fortuQiite  word  bj'  wliluh  tho  riddle  ia  rcadl 


^^■1    Veb 
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same  work  he  relates  his  botanical  studies  &od  hill 
habit  of  observation,  from  which  it  is  easily  seen  Uubl 
no  common  amount  of  knowledge   and    notice  i 
details,  were  involved  in  the  course  of  thought  whichJ 
led  him  to  the  priociple  of  the  Metamorphw 
Plants. 

Before  I  state  the  history  of  this  principle,  I  i 
be  allowed  to  endeavour  to  communicate  t«  ' 
reader,  to  whom  this  subject  is  new,  some  conceptioi 
of  the  principle  itself.  This  will  not  be  difficult,  I 
he  will  imagine  to  himself  a  flower,  for  instance,  i 
common  dog-rose,  or  the  blo8.som  of  an  apple-tr« 
as  consisting  of  a  series  of  parts  disposed  in  tphor 
placed  one  over  another  on  an  (ww.  The  1owg( 
whorl  is  tlie  calyx  with  its  five  sepals ;  above  this  1 
the  corolla  with  its  five  petals;  above  this  are  I 
multitude  of  stamens,  which  may  be  considered  I 
se^iarate  whorls  of  five  each,  often  repeated;  above 
these  is  a  whorl  composed  of  the  oraries,  or  wblH 
become  the  seed-vessels  in  the  finiit.  wluch  are  fivi 
united  together  in  the  apjde,  hut  indefinite  in  numbi 
and  separate  in  the  rose.  Now  the  moriihological  viei 
is  tliis ; — that  the  members  of  each  of  these  whodl 
are  in  their  nature  identical,  and  the  same  as  if  thq 
were  whorls  of  ordinary  leaves,  brought  together  I; 
the  shortening  their  common  axis,  and  modified  i 
form  by  the  successive  elaboration  of  their  niitrimenl 
Further,  acconliiig  to  this  \ievr,  a  whorl  of  leav^ 
itself  is  to  Iw  considered  as  identical  witli  sovetjj 
detached  leaves  dispersed  spirally  along  the  axis,  a 
brought  together  because  the  axis   is    shortened 


t  all  the  parts  of  a  plant  are,  or  at  least  represent, 

e  metainori>Iiose9  of  tlie  Bame  elementary 

Tlie  root-leavc3  thus  pass  into  the  com- 

leaves; — these  into  bractea?; — these  into  the 

—these    into    the    petals ; — these    into    the 

mens  with  their  anthers ; — these  into  the  ovaries 

with    their    styles   and    stigmas; — these    ultimately 

^become  the  fruit ;  and  thus  we  are  finally  led  to  the 

^^■pd  of  a  new  plant. 

^BSforeover  the  same  notion  of  metamorphosis  may 

I     be  applied  to  explain  the  existence  of  flowera  which 

are  not  symmetrical  like  those  we  have  Just  referred 

•  but  which  have  an  irregular  corolla,  or  calyx. 
Is  papilionaceous  Hower  of  the  pea  tribe,  which 
M>  markedly  irregular,  may  be  deduced  by  easy 
gradations  from  the  regular  flower,  (through  the 
mimosetB,)  by  expanding  one  petal,  joining  together 
two  others,  and  modifying  the  form  of  the  inter- 
mediate ones. 

Without  attempting  to  go  into  detail  respecting 

the  proofs  of  that  identity  of  all  the  different  organs, 

and  all  tlie  different  forms  of  i>lant8,  which  is  thus 

asserted,  we  may   observe,    that    it    rests    on  such 

grounds  as  these; — the  transformations  which  the 

^^■rts  of  flowers  undergo  by  accidents  of  nutriment  or 

^H^omre.    Such  changes,  considered  as  monstrosities 

^IBSre  they  are  very  remarkable,  show  the  tendencies 

and  possibilities  belonging  to  the  organization  in  which 

they  occur.     For  instance,  the  single  wild-rose,  by 

culture,transformsmany  of  its  numerous  stamens  into 

petals  and  thus  acquires  the  deeply  folded  flower  of  the 
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doable  i»rden-r>5e-  We  cannoc  doubt  of  the  retlitj 
of  this  change-  for  we  often  ^ee  stamens  in  which  it  is 
incomplete.  In  «'ither  ca^eis  we  find  petals  beeomiii|[ 
leaver  and  a  branch  epjwinjr  out  of  the  centre  of 
the  flower.  Sjme  pear-tretr^.  when  in  blossonu  are 
remarkable  for  th-i:*ir  tendencT  to  such  monstrosities^ 
Asf^n.  we  fiml  that  flowers  which  are  usoallv  ine- 
gnlar,  occasionallv  become  resrular,  and  conversely. 
The  common  <nap-*lragon  iLinaria  rulgari^:)  affords 
a  curious  in^^tanoe  of  this*.  The  usual  form  of  this 
plant  is  ^  personate/'  the  corolla  being  divided  into 
two  lolxrs-  which  differ  in  form«  and  together  present 
somewhat  the  appearance  of  an  animal's  face ;  and 
the  upper  portion  of  the  corolla  is  prolonged  back- 
wards into  a  tube-like  '•  spur."  Xo  flower  can  be 
more  irregular:  but  there  is  a  singular  variety  of  this 
plant,  termed  Peloria,  in  which  the  corolla  is  strictly 
svmmetricaU  consistincf  of  a  conical  tube,  narrowed 
in  front,  elongated  l>ehind  into  five  equal  spurs,  and 
containing  five  stamens  of  equal  length,  instead  of 
the  two  unequal  pairs  of  the  didvnamous  Linaria. 
These  and  the  like  appearances  show  that  there  is  in 
nature  a  capacity  for,  and  tendency  to,  such  changes 
as  the  doctrine  of  metamoq>hosis  asserts. 

Gbthe's  Metamorphosis  of  Plants  was  published  in 
1790:  and  his  system  was  the  result  of  his  own 
independent  course  of  thought.  The  view  which  it 
involved  was  not,  however,  absolutely  new,  though  it 
had  never  before  been  unfolded  in  so  distinct  and 

■  Lindlcy,  Nat.  Syst.  p.  84. 

^  Hcnslow,  Principles  of  Botany,  p.  116. 
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persuasive  a  manner.  Linnceiis  considered  the  leaves, 
calyx,  corolla,  stamens,  each  as  evolved  in  succession 
from  the  otlier ;  and  spoke  of  it  as  proiepsis  or  anti~ 
cipathn",  when  the  leaves  changed  accidentally  into 
bractea?,  these  into  a  calyx,  this  into  a  corolla,  the 
corolla  into  stamens,  or  these  into  the  pistil.  And 
Caspar  Frederick  "Wolf  ajiprehended  in  a  moro 
general  manner  the  same  principle,  "  In  the  whole 
plant,"  says  he°,  "  we  see  nothing  but  leaves  and 
Btalk;"  and  in  order  to  prove  what  \%  the  situation  of 
the  leaves  in  all  their  later  forms,  he  adduces  the 
cotyledons  as  the  first  leaves. 

Gothe  was  led  to  his  system  on  this  subject  by 
his  general  views  of  nature.  He  saw,  he  says',  that 
a  whole  life  of  talent  and  labour  was  requisite  to 
enable  any  one  to  arrrange  the  infinitely  copious 
organic  forms  of  a  single  kingdom  of  nature.  "  Yet 
I  felt,"  he  adds,  "  that  for  me  there  must  be  another 
way,  analogous  to  the  rest  of  my  habits.  The  appear- 
ance of  the  changes,  round  and  round,  of  organic 
creatures  had  taken  strong  hold  on  my  mind. 
Imagination  and  Nature  appeared  to  me  to  vie  with 
each  other  which  could  go  on  most  boldly  yet  most 
consistently,"  His  observation  of  nature,  directed 
by  such  a  thought,  led  him  to  the  doctrine  of  the 
metamorphosis. 

In  a  later  republication  of  his  work  {Zur  Morpko- 
,  1817,)  be  gives  a  very  agreeable  account  of  the 
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Tirions  circumstances  which  affected  the  reception 
and  progress  of  his  doctrine.  WiUdenow*  quoted 
him  thus,  "•  The  life  of  plants  is,  as  Mr.  Gothe  t^ 
prettily  savs,  an  expansion  and  contraction,  and  these 
alternations  make  the  various  periods  of  life."  ^  This 
^prettUy^  **  says  Gothe,  **  I  can  be  well  content  with, 
but  the  *  eyregie*  of  Usteri  is  much  more  pretty  and 
obliging."  Usteri  had  used  this  term  respecting 
Gothe  in  an  edition  of  Jussieu. 

The  application  of  the  notion  of  metamorphosis  to 
the  explanation  of  double  and  monstrous  flowers  had 
been  made  previously,  by  Jussieu.  Grothe's  merit 
was,  to  have  referred  to  it  the  regular  formation  of 
the  flower.  And  as  Sprengel  justly  says*,  his  view 
had  so  profound  a  meaning,  made  so  strong  an  appeal 
by  its  simplicity,  and  was  so  fruitful  in  the  most 
valuable  consequences,  that  it  was  not  to  be  won- 
dered at  if  it  occasioned  further  examination  of  the 
subject ;  although  many  persons  pretended  to  slight 
it.  The  task  of  confirming  and  verifying  the  doc- 
trine by  a  general  application  of  it  to  all  cases, — a 
labour  so  important  and  necessary  after  the  promul- 
gation of  any  great  principle, — Gothe  himself  did 
not  execute.  At  first  he  collected  specimens  and 
made  drawings  with  some  such  view'%  but  he  was 
interrupted  and  diverted  to  other  matters.  "  And 
now,"  says  he,  in  his  later  publication,  "  when  I  look 
back  on  this  undertaking,  it  is  easy  to  see  that  the 

*  Zor  Morph.  i.  121.  *  Gesch.  Botan.  ii.  304. 

*•  Zur  Morph.  i.  129. 
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which  I  Lad  before  my  eyes  was,  for  me,  in 
my  position,  with  my  habits  and  mode  of  thinking;, 
unattainable.  For  it  was  no  less  than  this:  that  I 
was  to  take  that  wliich  I  had  stated  in  general,  and 
presented  to  the  conception,  to  the  mental  intuition, 
in  words ;  and  that  I  should,  in  a  particularly  visible, 
orderly,  and  gradual  manner,  present  it  to  the  eye ; 
80  as  to  show  to  the  outward  sense  that  out  of  the 
germ  of  this  idea  might  grow  a  tree  of  physiology  fi  t 
to  overshadow  the  world." 

Voigt,  professor  at  Jena,  was  one  of  the  first  who 
adopted  Gothe's  view  into  an  elementary  work, 
which  he  did  in  1808.  Other  botanists  laboured  in 
the  direction  which  had  thus  been  pointed  out.  Of 
those  who  have  thus  contributed  to  the  establishment 
and  developemcnt  of  the  metamorphic  doctrine, 
Professor  Do  Candolle,  of  Geneva,  is  perhaps  the 
most  important.  His  Theory  of  Developement  rests 
upon  two  main  principles,  a&oriion  and  adhesion.  By 
considering  some  parts  as  degenerated  or  absent 
through  the  abortion  of  the  buds  which  might  have 
formed  them,  and  other  ])arts  as  adhering  together, 
ho  holds  that  all  plants  may  be  reduced  to  perfect 
symmetry :  and  the  actual  and  constant  occurrenco 
of  such  incidents  is  shown  beyond  all  doubt.  And 
thus  the  snap-dragon,  of  which  we  have  spoken  above, 
is  derived  from  the  Pcloria,  which  is  the  normal 
condition  of  the  flower,  by  the  abortion  of  one 
stamen,  and  the  degeneration  of  two  others.  Such 
examples  are  too  numerous  to  need  to  be  dwelt  on. 
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Seal.  2. — AppHcaHon  of  Vegetabls  Morphob^. 

The  doctrine,  being  thus  ftilly  established,  has  be 
applied  to  solve  different  problems  in  botanj;  l 
ioBtance,  to  explain  the  structure  of  flowers  whi< 
appear  at  first  sight  to  deviate  widely  from  the  usij 
forms  of  the  vegetable  world.  AVe  have  an  inats 
of  such  an  application  in  Mr.  Robert  Brown's  expl 
nation  of  the  real  structure  of  various  plauts  whi 
had  been  entirely  misunderstood:  as,  for  exanipl 
the  genus  Euphorbia.  In  this  plant  he  showed  th 
what  bad  been  held  to  be  a  jointed  tilamcnt,  was  :, 
pedicel  with  a  filament  above  it,  the  intermedia 
corolla  having  ovanesced.  In  Ordtidete,  (the  orcl 
tribe,)  he  showed  that  the  peculiar  structure  of  t 
plant  arose  from  its  having  six  stamens  (two  sets 
three  each),  of  whicli  five  are  usually  abortive,  ] 
ConiferiB,  (the  cone-bearing  trees,)  it  was  made  i 
appear  that  the  seed  was  naked,  while  the  accoo 
panying  appendage,  corresponding  to  a  secd-vc8S< 
assumed  all  forms,  from  a  complete  leaf  to  a  me 
scale,  la  like  manner  it  vrsa  proved  that  t\ 
pappus,  or  down  of  composite  plants,  {as  thistles,)  i$ 
transformed  calyx. 

Along  with  this  successful  application  of  a.  pr 
found  princijtle,  it  was  natural  that  othur  botania 
should  raalie  similar  attempts.  TIjus  Mr.  Lindl( 
was  led  to  take  a  view"  of  the  structure  of  Meseo 
(mignonette)  different  from  that  usually  entertained 

"  Liuiiiey,  Brit.  Assoc.  Koport,  iii.  50, 
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ihicb,  when    published,    attrncted   a  good  deal  of 
«ntion,    and   gained    some    converts   among    the 
iotanists  of  Germany  and  France.     But  in   1831), 
.  Lindley  says,  with  great  candour,  "  Lately,  Pro- 
fessor Henelow  has  eatisfactorily  proved,  in  part  by 
the  aid  of  a  monstrosity  in  the  common  Mignonette^ 
in  part  by  a  severe  application  of  morphological  rules, 
that  my  hypothesis  must  necessarily  lie  false."    Such 
1  agreement  of  different  botanists  respecting  the 
nsequences    of   morphological    rules,    proves    the 
jality  and  universality  of  the  rules. 
We  find,  therefore,  that  a  principle  which  we  may 
ftll  the  Principfe  of  Deve/t^ed  ajid  Metamorphosed 
mimetri/.  is  firmly  established  and  recognised,  and 
niliarly  and  succesBfuUy  applied  by  botanists.    And 
fc  will  be  apparent,  on  reflection,  that  though  sj/m- 
etiy  is  a  notion  which  applies  to  inorganic  ae  well 
I  to  organic  things,  and  is,  in  fact,  a  conception  of 
certain  relations  of  space  and  position,  such  develope~ 
tnent  and  metamorphosis  as  aro  here  spoken  of,  are 
■as  entirely  different  from  any  of  those  to  which 
physical  sciences  have  led  us  in  our  previoua 
■vey ;  and  are,  in  short,  genuine  organical  or  phi/- 
taical  ideas ; — real  elements  of  the  philosophy  «f 


'  "VVg  must,  however  imperfectly,  endeavour  to  trace 

J  application  of  this  idea  in  the  other  great  depart- 

"inent  of  the  world  of  life ;  we  must  follow  the  history 

of  animal  morphology. 


Sect  \. — Rise  of  Co7nparatiee  Anatomy. 

'  The  most  general  and  constant  relations  of  the  form 
of  the  of^ns,  both  in  plants  and  animals,  are  the 
most  natural  grounds  of  classification.  Hence  tho 
^^_  first  scicntilic  classifications  of  animals  are  the  first 
^^K  Bteps  in  animal  morphology.  At  first,  a  zoology  n'OS 
^^B  constructed  by  arranging  animals,  as  plants  were  at 
^^H  first  arranged,  according  to  their  external  parts.  BuG 
^^B  in  the  course  of  the  researches  of  the  anatomists  of 
^^  the  seventeenth  century,  it  was  seen  that  the  internal 
structure  of  animals  ofl'ered  reeeniblances  and  transi- 
;l,  tions  of  a  far  more  coherent  and  jdiilosophical  kind, 
^^H  and  the  science  of  coinparaiicc  anaiomy  rose  intO' 
^^B  fevour  and  importance.  Among  the  main  cultiva* 
1^^  tors  of  this  science'  at  the  period  just  mentioned, 
we  find  Francis  Redi,  of  Arezzo;  Gni  chard  Joseph 
Duvemay,  who  was  for  sixty  years  professor  of  ana- 
I  tomy  at  the  Jardin  du  Roi  at  Paris,  and  during  this' 
I  lapse  of  time  had  for  his  pupils  almost  all  the' 
greatest  anatomists  of  the  greater  part  of  tho 
jtighteenth   century;  Nehemiah  Grew,  secretary  to 

'  Cur.  Lemons  sur  I'Hist.  ties  Sc.  Nar.  414,  420. 


n,OGY.        445 


PROGRESS  OF  ANIMAL  MOEPHOLOGY. 

'  Royal  Society  of  London,  whose  "  Anatomy  of 
lants"  we  have  already  noticed. 

comparative  anatomy,  which  had  been  culti- 

"■rated  with    ardour  to  the  end   of  the  seventeenth 

centurj',  was,  in  some  measure,  neglected  during  the 

^JjBt  two-thirds  of  the  eighteenth.     Tlie  progress  of 

^■ptany  was,  Cuvier  sagaciously  suggests',  one  cause 

^Kf  this ;  for  that  science  had  made  its  advances  by 

confining  itself  to  external  chai'acters,  and  rejecting 

anatomy ;   and  though  Linnieus   aeliiiowledged  the 

H^pendence  of  zoology  upon  anatomy  so  far  as  to 

^fcake  the  number  of  teeth  his  characters,  eveu  this 

^ftsa  felt,  in  his  method,  as  a  bold  step.      But  his  in- 

^Kiencc  was  soon  opposed  by  that  of  BuHbn,  Dau- 

Hpenton,  and  Pallas ;  who  again  brought  into  view 

the  importance  of  comparative  anatomy  in  zoology ; 

at    the  same  time    that  Ilaller  proved   how  much 

^^light  be  learnt  from  it  in  physiology.    John  Hunter 

H^  England,  the  two  Munros  in  Scotland,  Camper  in 

H|[olland,  and  Vicq  d'Azyr  in  France,  were  tho  first 

to  follow  the  path  thus  pointed  out.     Camper  threw 

the  glance  of  genius  on  a  host  of  interesting  objects, 

but  almost  all  that  he  produced  was  a  number  of 

sketches;  Vicq  d'^Vzyr,  more  assiduous,  was  stopt 

in  the  midst  of  a  most  brilliant  career  by  a  prema- 

9  death. 

1  is  Cuvier's  outline  of  the  earlier  history  of 
jiporative  anatomy.     We  shall  not  go  into  detail 
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studies  had  fixed  in  tlie  minds  of  nattiralisU  th 
cou^iction  of  tlie  possibility  and  the  propriety  ( 
considering  large  divisions  of  the  luilmal  klngdoi 
as  niodificBtions  of  one  common  ttfpe.  Belon.  i 
early  as  1555,  had  placed  the  skeleton  of  a  ma 
and  of  a  bird  eiidc  by  i^ide,  and  shown  the  < 
spondence  of  parts.  80  far  as  the  ca^e  of  vertebra 
animals  extend^  this  ciurrespondence  ie  generall] 
allowed ;  although  it  required  eonio  ingenuity  1 
detect  its  details  in  Bomo  cases  ;  for  instnnce,  to  u 
the  analogy  of  parts  between  the  head  of  a  ma 
and  of  a  fish. 

In  tracing  these  less  obvious  cnrrespondenclefl 
some  curious  steps  hsTe  been  made  in  recent  timei 
And  here  we  must,  I  conceive,  again  ascribe  ntf 
small  merit  to  the  same  remarkable  man  who,  as  wtf 
have  already  had  to  point  out.  gave  no  great  an  im 
pulse  to  vegetable  raorjihology.  Gothe.  whoM 
talent  and  dis]iosition  for  speculating  on  all  |MUta  < 
nature  were  truly  admirable,  was  excited  to 
study  of  anatomy  by  his  propinquity  to  the  Duke  (I 
Weimar's  cabinet  of  natural  history.  In  1786,  b 
published  a  little  essay,  the  object  of  which  was  t 
show  that  jtt  man,  as  well  as  in  beasts,  the  nppei 
jaw  contains  an  intermaxillary  bone,  althongh  th« 
sutures  are  obliterated.  After  1790',  animated  ntid 
impelled  by  the  same  passion  for  natural  observap 
tion  and  for  general  views  which  had  produced  hil 
metamorphosis  of  plants,  he  pursued  bis  spcculatloi 
on  these  subjects  eagerly  and  successfully.  And  io 
'  Znr  Moiphologfie,  i.  234. 


B6,  he  published  a  "  Sketch  of  a  Univorsal  Introduc- 
tion into  Comparative  Anatomy,  beginning  with  Oste- 
ylojry ;"  in  which  he  attempts  to  estabUsh  an  "  oateolo- 
gical  type,"  to  which  skeletons  of  all  animals  may  be 
referred.     I  do  not  pretend  that  Gothe's  anatomical 

Cks  httvu  had  any  influence  on  the  progress  of  the 
nee  comparable  with  that  wliicb  has  been  exer- 
d  by  the  labours  of  professional  anatomists  ;  but 
the  ingenuity  aud  value  of  the  viewa  which  they 
contained  was  acknowledged  by  the  best  authorities ; 
t  the  clearer  introduction  and  application  of  tiie 
taciplo  of  developed  and  metamorphosed  sym- 
ttry  may  be  dated  from  about  this  time.  Gothe 
res  that,  at  an  early  period  of  these  speoula- 
ms,  he  was  convinced'  that  the  bony  head  of 
kSts  i»  to  be  derived  from  six  vertebne.  In  1807, 
ken  published  a  "  Program"  On  the  Sif/nificalioti  of 
tBonet  of  tlw  Skull,  in  which  ho  maintained  that 
bones  are  equivalent  to  four  vertebne;  and 
ickel,  in  his  Comparative  Anatomy,  in  1811,  also 
wived  the  skull  into  vertebne.  But  Spix,  in  his 
iborate  M'ork  Cephalogenesin,  in  1816,  reduced  the 
ff\vcs  of  the  head  to  three.  "  Oken,"  he  says*, 
tubliabed  opinions  merely  theoretical,  and  conse- 
lently  contrary  to  those  maintained  in  this  work, 
llich  are  drawn  from  ob8er\'ation."  This  resolution 
i  the  head  into  vertebra;  is  assented  to  by  many  of 
lie  best  physiologists,  as  explaining  the  distribution 
of  the  nerves,  aod  other  phenomena.  Spix  further 
upted  to  apply  it  to  the  heads  of  fishes;  and 
}  Zur  Uoiphologic,  i.  250.  '  Spix,  Coplialogenes 
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GeoSioy  Saint-HUairo  put  forth  a  similar  doctrina 
in  his  *'  Philosophie  Aiiatomique,"  in  1818 
asBerted  that  he  had  not  previouely  seen  tlie  work  i 
Spix.  We  cannot  fail  to  recognise  here  tbeattem] 
to  apply  to  the  siieleton  of  animals  the  principle 
wliich  leads  botanists  to  consider  all  the  parts  of  ft 
flower  as  transformations  of  the  same  organs.  How 
far  the  applicatiiin  of  the  principle,  as  here  propose^ 
is  just,  I  must  leave  philosophical  physiologists  to 
decide. 

By  these  and  similar  researches,  it  is  held  by  the 
best  physiologists  that  the  skull  of  all  vertebral* 
animals  is  pretty  well  reduced  to  a  iniifonn  struc- 
ture, and  the  laws  of  its  variations  nearly  deter- 
mined'. 

The  vertebrate  animaU  being  thus  reduced  to  a 
tiingle  type,  the  question  arises  how  far  this  can  bfl 
done  with  regard  to  other  animals,  and  how  many 
such  types  there  are.  And  here  we  come  to  one  of 
the  im|)ortant  services  which  Cuvier  rendered  to 
natural  history. 

Sect.  2. — Dutlnction  of  the  General  Types  of  the 
Forms  of  Animals. — Cuvier. 

Animals  were  divided  by  Lamarck  into  vertebrat* 

and  invertebrate;  and  the  general  analogies  of  al 

i  vertebrate  animals  are  easily  made  manifest.      Bu1 

I  with  regard  to  other  animals,  the  point  is  (ar  from 

I  clear.     Cuvier  was  the  first  to  give  a  really  philo- 

"  Cuv.  Uiht.  tx.  Nai.  ili.442. 
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■ical  view  of  the  animal  world  in  referonce  to 
tlie  plan  on  which  eacli  animal  is  constructed. 
Tliere  are',  he  says,  four  auch  plans; — four  forms  on 
which  animals  a]>pear  to  have  been  modelled ;  and 
of  which  the  ulterior  divisions,  with  whatever  titles 
naturalists  have  decorated  them,  are  only  very  slight 
modificatifins,  founded  on  the  developement  or 
addition  of  some  parts  which  do  not  produce  any 
essential  change  in  the  plan. 

These  four  great  branches  of  the  animal  world 
are  the  rcrtebrata,  molimca,  articufata,  radiata ;  and 
the  differences  of  these  are  eo  important  that  a  slight 
explanation  of  them  may  be  permitted. 

The  vertcl/ra/a  are  those  animals  which  (as  man 
and  other  sucklers,  birds,  fishes,  lizards,  froga,  ser- 
pents,) have  a  back-bone  and  a  skull  with  lateral 
appendages,  within  which  the  viscera  are  included, 
and  to  which  the  muscles  are  attached. 

The  mollusca,  or  soft  animals,  have  no  bony  skele- 
ton ;  the  muscles  are  attached  to  the  skin,  which 
often  includes  stony  plates  called  shells ;  such  mol- 
luscs are  shell-fish,  others  are  cuttle-fish,  and  many 
pulpy  sea-animals. 

The  arficulata  consist  of  Crustacea,  (lobsters,  iic.,) 
insects,  spidejs,  and  annulose  worms,  which,  like  the 
other  classes  of  this  branch,  consist  of  a  head  and  a 
number  of  successive  portions  of  the  body  jointed 
together,  whence  tlie  name. 

Finally,  the  radiata  include  the  animals  known 
the  name  of  zoophytes.  In  the  preceding 
*  Regne  Animal,  p.  57- 


three  branches,  the  organs  of  motion  and  of  senM 
■were  distributed  sj-mmetrically  on  the  two  Bides  of 
an  axiit  ao  that  the  animal  has  a  right  and  a  left 
side.  In  the  radiata  the  similar  members  radiate 
irom  the  axis  in  a  circular  manner,  like  the  petals  ctf 
a  regular  flower. 

The  whole  value  of  Buch  a  classification  cannot  bfl 
understood  ^s'ithout  explaining  its  use  in  enabling  ui 
to  give  general  descriptions,  and  general  laws  of  the 
animal  functions  of  the  classes  which  it  includes; 
but  in  the  present  part  of  our  work  our  business  is 
to  exhibit  it  as  an  exemplification  of  the  reduction 
of  animals  to  laws  of  sjinmotry.  The  bipartite 
nymnietry  of  the  form  of  vertebrate  and  articulate 
animals  is  obvious :  and  the  reduction  of  the  various 
forms  of  such  animals  to  a  common  type  has  been 
effected,  by  attention  to  their  anatomy,  in  a  manner 
which  has  satisfied  those  who  have  best  studied  the 
Bulyect.  Tlie  molluscs,  especially  those  in  which 
the  head  disappears,  as  oysters,  or  those  whieh  are 
rolled  into  a  spiral,  as  snails,  have  a  less  obvioul 
symmetry,  but  here  also  we  can  apply  certain  general 
types.  And  the  symmetry  of  the  radiated  zoophyte^ 
is  of  a  nature  quite  different  from  all  the  rest,  and 
appi-oachiiig,  as  we  have  suggested,  to  the  kind  o^ 
symmetry  found  in  plants.  Some  natumlists  have 
doubted  whether'  these  aoophytefi  are  not  referrible 
to  two  types  {acrita  or  polypes,  and  true  raditiia^ 
rather  than  to  ouc. 

This  fourfold  division  was  introduced  by  Cuvier'V 
•  Brit.  Assoc.  Rep.  ir.  227.  "  Hegne  An.  CI 
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Before  him,  naturalists  fbUowed  Linna>us,  and  divided 
non-Terteljrate  animals  into  two  classes,  insects  and 
worms.  "  I  began,"  says  Cuvier,  "  to  attack  this 
view  of  the  sobject,  and  offered  another  division,  in  a 
Memoir  read  at  the  Society  of  Natural  History  of 
Paris,  the  2lst  of  Florea],  in  the  year  III.  of  the 
Repohlic,  (May  10,  1705.)  printed  in  tlie  Decade 
PAiJosophiqite ;  in  this,  I  mark  the  characters  and 
the  limits  of  molluscs,  insects,  worms,  echiiioderms, 
and  zoophytes.  I  distinguished  the  red-blooded 
worms  or  annclides,  in  a  Memoir  read  to  the  Insti- 
tute, the  11th  Nivose,  year  X.  (December  31, 1801). 
I  afler^vnrds  distributed  these  difterent  classes  into 
three  branches,  each  co-ordinate  to  the  branch 
fbnned  by  the  vertebrate  animal?,  in  a  Memoir 
read  to  the  Institute  in  July,  1812,  printed  in  the 
Antuiks  du  Museum  d'Histoire  NatureUe,  torn,  xix." 
liis  great  systematic  work,  the  Regne  Animaf, 
founded  on  this  distribution,  was  published  in  1817; 
and  since  that  time  the  division  has  been  commonly 
accepted  among  naturalists. 


Sect-  3- — Attempts  to  establish  the  IdenfUi/  of  the  Ti/pes 
of  Auintal  Forms. 

StTPPOSlNG  this  great  step  in  Zoology,  of  wliich  we 
haye  given  an  account, — the  reduction  of  al!  animals 
to  four  types  or  plans, — to  be  quite  secure,  wo  are 
Ihen  led  to  ask  whether  any  further  advance  is  pos- 
lile ; — whether  several  of  these  tyjtes  can  be  referred 
B  common  form  by  any  wider  efibrt  of  genera- 
302 
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lisation.  On  tbis  quenition  there  lias  been  a  comidet- 
ahlc  diHereiice  of  opinion.  GeofTroj  Saint-Uilaire") 
who  had  jircviously  endeavoured  to  show  that  all  tck- 
tt'brate  animals  Mere  constructed  so  exactlr  upon  ibe 
same  plan  as  to  preserve  the  strictest  analogy  of  parM 
in  respect  to  their  osteolog>',  thoug-ht  to  extend  tliil 
unity  of  plan  by  demonstrating,  that  the  hard  parti 
of  eruetaces  and  insects  are  still  only  modificatioDi 
of  the  skeleton  of  higher  animals,  and  that  therefore 
the  tj-pe  of  vertebrata  must  be  made  to  include  thent 
also: — the  segments  of  the  articulata  are  held  to  1* 
strictly  analogous  to  the  vertebne  of  the  liigher 
nials,  and  thus  the  former  live  tcit/im  their  vertehrd 
column  in  the  same  manner  as  the  latter  live  vriiA* 
out.  it.  Attempts  Iiave  even  been  made  to  reduw 
molluscous  and  vertcljrato  animiils  to  a  communil 
of  type,  as  we  shall  see  shortly. 

Another  application  of  the  principle,  according  td' 
•which  creatures  the  most  different  are  developement* 
of  the  ^ame  original  tj-pe,  may  be  discerned"  in  ih% 
doctrine,  that  the  embryo  of  the  higher  forms 
animal  life  jiasses  by  gradations  through  those  fonni 
■which  are  permanent  in  Inferior  animals.  Thus, 
cording  to  this  view,  the  human  fcetus  assumes  sua- 
ceseively,  the  plan  of  the  zoophyte,  the  worm,  tbi 
iish,  the  turtle,  the  bird,  the  beast.  But  it  has  beea 
well  observed,  that  "  in  these  analogies  we  look  in 
vain  for  the  prociaion  which  can  alone  su]iport  th( 
inference  that  has  been  deduced";"    and  that  at 

"  Mr.  Jonyiis,  Bri(.  jVsboc,  Rep.  ir.  150, 

"  Dr.  Ckric,  Report,  lb.  iv.  1 13.         "  Dr.  Clark,  p.  lit 
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each  step,  the  higher  emhryo  and  the  lower  animal 
which  it  is  supposerl  to  ri-semble,  differ  in  having 
esch  different  organs  snited  to  their  respective 
deetinutions. 

Cuvier"  never  assented  to  this  view,  nor  to  tlie 
attempts!  to  refer  the  different  divisions  of  his  system 
to  a  common  ty]>e.  "  He  could  not  admit,"  says  his 
biographer,  "thnt  the  Inngs  or  gills  of  the  verte- 
brates are  in  the  same  connexion  as  the  branchia;  of 
molluscs  and  cruataccs,  which  in  the  one  are  situated 
at  tlie  base  of  tlie  feet,  or  fixed  on  the  feet  them- 
selves, and  in  the  other  often  on  the  back  or  about 
the  arms.  He  did  not  admit  the  analogy  between 
the  skeleton  of  the  vertebrates  and  the  skiu  of  the 
articulates ;  he  could  not  believe  that  the  tasnia  and 
the  sepia  were  constructed  on  the  same  plan;  that 
there  was  a  similarity  of  composition  between  the 
bird  and  the  echinus,  the  whale  and  the  snail;  in 
spite  of  the  skill  with  which  some  persons  sought 
gradually  to  efface  their  discrepancies." 

Whether  it  may  be  possible  to  establish,  among 
the  four  great  divisions  of  the  "  Animal  Kingdom," 
eome  analogies  of  a  higher  order  than  those  whicli 
prevail  within  each  division,  I  do  not  pretend  to 
(jjecture.  If  this  can  be  done,  it  is  clear  that  it 
bo  by  comparing  the  types  of  these  divisions 
let  their  most  general  forms:  and  thus  Cuvier's 
Bigeraent,  so  far  as  it  is  itself  rightly  founded  on 
y  of  composition  of  each  branch,  is  the  sun'st 
the  discovery  of  a  unity  pervading  aud 
'*  I^uTilUnl,  Klog,  dc  Cuvier,  p.  G(I. 
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uniting  these  branchos.  But  though  those  vkl 
generalise  eiirely,  and  those  who  jjeneralise  rapidlji 
nifly  travel  in  the  same  direction,  they  soon  sepaiat^ 
so  widely,  that  they  appear  to  move  from  each  otliei 
The  partisans  of  a  universal  *'  unity  of  composition" 
of  animaK  accused  Cuvier  of  being  too  inert  I 
following  the  pnigresa  of  physiological  and  zoologies 
science.  Borrowing  their  illuBtration  from  the  poll 
tical  parties  of  the  times,  they  asserted  that  1 
belonged  to  the  science  of  the  resistance,  not  to  ti 
science  of  the  moemiwnf.  Such  a  charge  is  highl 
honourable  to  him ;  for  no  one  acquainted  with  1 
history  of  zoology  can  doubt  that  ho  had  a  gr 
share  in  the  impulse  by  which  the  "  movement"  i 
occasioned  ;  or  that  he  himself  made  a  large  advai 
with  it ;  and  it  was  because  he  was  so  poised  by  thi 
vast  mass  of  his  knowledge,  so  temperate  in  his  lovi 
of  doubtful  generalisations,  that  he  was  not  swej 
on  in  the  wilder  part  of  the  stream.  To  such  i 
charge,  moderate  reformers,  who  appreciate  the  valui 
of  the  good  which  exists,  titoiigli  they  try  to  make  i 
bettor,  and  who  know  the  knowledge,  thoughtfb] 
nesB,  and  caution,  which  are  needful  in  such  a  tasi 
are  naturally  exposed.  For  us,  who  can  only  decJd 
on  such  a  subject  by  the  general  analogies  of  tho  hit 
tory  of  science,  it  may  suffice  to  say,  that  it  appeal 
doubtful  whether  the  fundamental  conceptionB  ' 
affinity,  analogy,  transition,  and  developement,  ha'V 
yet  been  fixed  in  the  minds  of  physiologists  wij 
sufficient  firmness  and  cloaracas,  or  unfolded  wH 
sufficient  consistency  and  generality,  to  make  . 
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likely  that  any  great  additional  step  of  this  kind 
can  for  some  time  be  made. 

We  have  here  considered  the  doctrine  of  the 
identity  of  the  seemingly  various  types  of  animal 
structure,  as  an  attempt  to  extend  the  correspon- 
dendeg  which  were  the  basis  of  Cuvier's  division  of 
the  animal  kingdom.  But  this  doctrine  has  been 
put  forwards  in  another  point  of  view,  as  the  anti- 
thesis to  the  doctrine  of  final  causes.  This  ques- 
tion is  so  important  a  one,  that  we  cannot  help 
attempting  to  give  some  view  of  its  state  and 
bearings. 


CHAPTER  nil. 

The  DocrnrNE  or  Final  Causes  in  Physiology. 


Sect.  1. — Assertion  of  the  Principl:  of  Unity 
of  Plan. 

We  have  repeatedly  seen,  in  the  course  of  our  his* 
torical  view  of  physiology,  that  those  who  have 
studied  the  structure  of  animals  and  plants,  have 
had  a  conviction  forced  upon  them,  that  the  organs 
are  constructed  and  combined  in  subservience  to  the 
life  and  functions  of  the  whole.  The  parts  have  a 
purpose,  as  well  as  a  law; — we  can  trace  final  causey 
as  well  as  laws  of  causation.  This  princiide  ia 
peculiar  to  physiology;  and  it  might  naturally  he 
expected  that,  in  the  progress  of  the  science,  it 
would  come  under  special  consideration.  This  ao» 
cordingly  has  hajjpened  ;  and  the  principle  has  been: 
drawn  into  a  prominent  position  by  the  struggle  (A 
two  antagonist  schools  of  physiologists.  On  the  on* 
hand,  it  has  been  maintained  that  this  doctrine  oft 
final  causes  is  altogether  unphilosophical,  and  re 
quires  to  be  replaced  by  a  more  couiprehensivc  aa< 
profound  principle :  on  the  other  hand,  it  is  asserted! 
that  the  doctrine  is  not  only  true,  hut  that,  in  ouSf 
own  time,  it  has  been  fixed  and  developed  so  as  tw 
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me  the  instrument  of  some  of  the  most  important 
discoveries  which  haye  been  made.  Of  the  views  of 
these  two  schools  we  must  endeavour  to  give  some 
account. 

The  disciples  of  the  former  of  the  two  schools 
express  their  tenets  by  the  phrases  nniti/  of  plan, 
unily  of  composition;  and  the  more  detailed  deve- 
lopement  of  these  doctrines  lias  been  termed  the 
Theory  of  Analogues,  by  Geoftroy  Saint-Iiilairo,  who 
claims  this  theory  as  his  own  creation.  According 
to  this  theory,  the  structure  and  functions  of  animals 
arc  to  be  studied  by  the  guide  of  their  analogy  only ; 
our  attention  is  to  be  turned,  not  to  the  fitness  of 
the  organization  for  any  end  of  life  or  action,  hut  to 
its  resemblance  to  other  organizations  by  which  it  is 
gradually  derived  from  tlie  original  tyjie. 

According  to  the  rival  view  of  this  subject,  we 
must  not  assume,  and  cannot  establish,  that  the  ]]lan 
of  all  animals  is  the  same,  or  their  composition  similar. 
The  existence  of  a  single  and  universal  system  of 
analogies  in  the  construction  of  all  animals  is  entirely 
unproved,  and  therefore  cannot  be  made  our  guide 
in  the  study  of  their  properties.  On  the  other  hand, 
tho  plan  of  the  animal,  the  purpose  of  its  organiza- 
tion in  the  support  of  its  life,  the  necessity  of  the 
functions  to  its  existence,  are  truths  which  are  irre- 
Bistibiy  apparent,  and  which  may  therefore  be  safely 
taken  as  the  bases  of  our  reasonings.  This  view  has 
been  put  forwards  as  the  doctrine  of  the  conditions 
of  Gtisfeiice :  it  may  also  l)o  described  as  the  prin- 
ciple of  a  purpose  in  organization;    the  structure 
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ling  conflidered  as  having  tho  ftinction  for  its  end- 

e  must  snr  a  few  worda  on  each  of  these  viowa. 

It  h(\d  been  pointed  out  by  Cuvicr,  as  vee  have 

n  in  the  last  cliaptor,  tliat  the  animal  kingdom 

y  be  divided  into  four  great  branches;  in  each  of 

'hich  the  plan  of  the  animal  ia  different,  namely, 

■te&raia,   articulata,  mol/usca,  radmta.       Now   the 

;cstion  naturally  occurs,  is  there  really  no  rasein- 

Wanco  of  construction  in  these  different  elasseB?    It 

was  maintained  by  some,  that  tliero  i»  such  a  re* 

semblance.       In     182U ',    M.    Andouin,    a    young 

l»aturalist  of  Parts,  endeavoured  tn  fill  up  the  chasm 

'%hich  separates  insects  from  other  animals;  and  by 

examining  carefully  tho  portions  %vhiph  compose  tlio 

solid    frame-work    of  insects   and    following    them 

through  their  viu-ious    transformations   in  different 

lasses,  he  conceived  that  he  found  relations  of  posi- 

Bon  and  function,  and  often  of  number  and  fomw 

rhich  might  be  compared  ■with  the  relations  of  the 

rts  of  the  skeleton  in  vertebmto  animals.      He 

lought  that  the  first  segment  of  an  insect,  the  head', 

(presents  one  of  the  three  vertebra;  which,  according 

Spix  and  others,  compose  the  vertebrate  head: 

le  second  segment  of  the  insects,  (the  protAorax  of 

.udouin,)  is.  according  to  M.  Geoffroy.  the  second 

vertebra  of  the  head  of  the  vertebrata,  and  so  on. 

Upon  this  speculation  Cuvier'  does  not  give  any 

decided  opinion ;  observing  only,  that  even  if  i 

leads  to  active  thought  and  useful  research,  i 


lilt  when  an  attempt  was  further  made  to  iden- 
tify the  pliin  of  another  hrant-h  of  the  animal  world, 
tbo  moHusca,  with  that  of  tho  vertebrata,  the  radieal 
oppOBttiou  hetweeu  such  viewa  and  those  of  Curier, 
broke  out  into  an  animated  controversy. 

Two  French  anatomists,  M  M,  Laurencet  and 
MejTanx,  presentixl  to  the  Academy  of  ScieuceB, 
in  1830,  a  Memoir  containing  their  views  on  the 
organization  of  molluscous  animals ;  and  on  the  sepia 
or  cuttle-fish  in  iiarticular,  as  one  of  the  most  com- 
plete examples  of  such  animals.  Tliese  creatures, 
indeed,  though  thus  placed  in  the  same  division  with 
shell-ftsh  of  the  most  defective  organization  and 
obscure  structure,  are  far  from  being  scantily  orga- 
nized. Tliey  have  a  brain*,  often  eyes,  and  these 
in  the  animals  of  this  class  {cep/talopoda)  are  more 
complicated  than  in  any  vertebrates';  they  have 
sometimes  ears,  salivary  glands,  multiple  stomachs, 
a  considerable  iiver,  a  bile,  a  complete  double  circu- 
lation, provided  with  auricles  and  ventricles ;  In  short, 
their  vital  activity  is  vigorous,  and  their  senses  are 
distinct. 

But  still,  though  this  organization,  in  the  abun* 
dance  and  diversity  of  its  parts,  ajiproaches  that  of 
vertebrate  animals,  it  had  not  been  considered  as 
composed  in  the  namo  manner,  or  arranged  in  the 
same  order.     Cuvier  had  always  maintained  that  the 


'  Geoffroy  Saint- Jlilni re  denies  tLia. 
Zoolopiiuc  diBculea  en  1830,  p.  68. 
^^^  Geofiroy  Saint- II  ilnire,  Principfs 
i  discWB  en  1B30,  p.  55. 
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plan  of  molliisos  is  not  a  continuation  of  the  plan 
§»f  vertebnites. 

MM.  Laiirencet  and  Meyranx,  on  the  contrarr, 

ionceivetl  that  the  sepia  might  be  reduced  to  the 

Btyjio  of  a  vertebrate  creature,    by  considering  the 

■!nck-bonc  of  the  latter  bent  double  backwards,  so 

itt  to  bring  the  root  of  the  tail  to  the  nape  of  the 

Seek ;  the  parts  thus   brought   into  contact  being 

■apposed  to  coalesce.     By  this  mode  of  conception, 

ihese  anatomists  held  that  the  viscera  were  placed  in 

same  connexion  as  in  the  vertebrate  type,  and 

Sie  functions  exercised  in  an  analogous  manner. 

To    decide  on  the  reality   of  the    analogy   thus 

VMsertcd,  clearly  belonged  to  the  jurisdiction  of  the 

I  jDiost   eminent  anatomists   and   physiologists.     The 

r  Memoir  ivjis  committed  to  Geoffroy  Saint-Hilaire 

and  Latreille,  two  eminent  zoologists,  in  order  to  be 

reported  on.     Their  report  was  extremely  favoup- 

Lftble ;  and  went  almost  to  the  length   of  adopting 

|tiie  views  of  the  authors. 

Cuiier  expressed  some  dissatisfaction  with  this 
■eport  on  its  being  read';  and  a  short  time  after- 
urds',  represented  Geoflroy  Saint-Hilaire  as  having 
teserted  that  the  new  views  of  Laurencet  and  Mcy- 
hiix  refuted  completely  the  notion  of  the  great 
interval  which  exists  between  Tiiolluseoiis  and  verte- 
brate animals.  Geoffroy  protested  against  such  on 
-interpretation  of  his  expressions ;  but  it  soon  np- 
Kjared,  by  the  controversial  character  which  the  difr- 
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Uons  on  this  and  several  other  subjects  assumed, 
that  a  real  opposition  of  opinions  was  in  action. 

Without  attempting  to  explain  the  exact  views  of 
Geoffroy,  (we  may,  iierhaps,  venture  to  say  that  they 
are  hardly  yet  generally  understood  with  sufficient 
distinctness  to  justify  the  mere  historian  of  science 
in  attempting  sucli  an  explanation,)  their  general 
tendency  may  be  sufficiently  collected  from  what 
has  been  said ;  and  from  the  phrases  in  which  his 
Yiews  are  conveyed'.  The  principle  of  connexions^ 
the  efectice  affinilics  of  organic  elements,  Uie  equHiln-iza- 
Hon  of  organs ; — such  are  the  designations  of  the 
leading  doctrines  which  are  unfolded  in  the  preluui- 
nary  discourse  of  his  Anatomical  Pkihsopliy.  Elec- 
tive affinities  of  organic  elements  are  the  forces  by 
which  the  vital  structures  and  varied  forms  of  living 
things  are  produced  ;  and  the  principles  of  connexion 
and  equilibrium  of  these  forces  in  the  various  parts 
of  the  organization,  prescribe  limits  and  conditions 
to  the  variety  and  developement  of  such  forms. 

The  character  and  tendency  of  this  philosophy 
■will  be,  I  think,  much  more  clear,  if  we  consider 
what  it  excludes  and  denies.  It  rejects  altogether 
all  conception  of  a  jdan  and  purpose  in  the  organs 
of  animals,  as  a  principle  which  has  determined  their 
forms,  br  can  be  of  use  in  directing  our  reasonings. 
*'  I  lake  care,"  says  Geoffroy',  "  not  to  ascribe  to 
God  any  intention."     And  when   Cuvier  speaks  of 


•  PhU.  Zool.  ir,. 

*  *"  SeaiK  gurde  dc  preter 
110. 


I  Dicu  aucune  intcntioD."     PhiL 


46fi  HISTORY  OF  rHTSIOU}GV. 

the  corol)itmtion  of  organs  ia  euch  order  tbit  Uil 
may  be  in  consiatGnce  with  the  part  which  the  aniin 
has  to  p/at/ \n  nature;  his  rival  rejoins",  "I  kno 
nothing  of  animals  which  hate  lo  jtlay  a  part  : 
nature."  Such  a  notion  is,  ho  holds,  unphilosopliio 
and  (Iaiigerou!4.  It  is  an  abuse  r>f  final  causes  whi< 
makes  the  cause  to  be  engendered  by  the  eficO 
Atid  to  Illustrate  still  further  his  own  view,  he  sajl 
"  I  haTO  read  concerning  fislies.  that  because  th< 
live  in  a  medium  which  resists  more  than  air,  the 
motive  forces  are  calculated  so  an  to  give  them  t 
power  uf  progression  under  those  circumstance 
By  tliis  mode  of  reasoning,  you  would  say  of  a  ma 
■who  makes  use  of  crutches,  that  he  was  originall 
destined  to  the  misfortune  of  having  a  leg  paralyn 
or  amputated." 

How  for  this  doctrine  of  unity  in  the  plan 
animals  is  admissible  or  probable  in  phpiology  whe 
kept  within  projier  limits,  that  is,  when  not  put  \ 
opposition  to  the  doctrine  of  a  purpose  involved  i 
the  plan  of  animals,  I  do  not  pretend  even  to  coi 
jeeture.  The  question  is  one  which  apjieats  to  be  fl6 
present  deeply  occupying  the  minds  of  the  mo| 
learned  and  profound  jihysiologists;  and  such  persoi 
alone,  adding  to  their  knowledge  mid  zeal,  jndicil 
pagacity  and  impartiality,  can  tell  us  what  is  1 
general  tendency  of  the  best  researches  on  this  snl 
ject".      But  when  the    anatomist   expresses    9u<j 


It  d'aiiinial  qui  doive  jouer  iin  rfle  i 
Ift  nntnre  •  p.  «S. 

"  So  fiir  as  tlis  dijctruie  is  geuerally  accepted  among  thclx 


Ipfniune,  and  defends  them  by  Hiich  iilugtrations  a9 
those  wliieh  I  have  just  quoted",  we  perceive  that 
he  quits  the  entrenchments  of  his  Buperior  BCience, 
in  which  he  might  have  remained  unassuilable  80 
long  as  the  question  waa  a  professional  one ;  and 
the  discuesion  is  open  to  those  who  possess  no  pecu- 
liar knowledge  of  anatomy-  Wo  shall,  therefore, 
nture  to  say  a  few  words  upon  it. 

I.  2. — EstimtUe  of  the  Doctrine  of  Unitij  of  Plan. 

has  been  so  often  rejieatctl,  and  so  generally 
Bowed  in  modern  times,  that  final  causes  ought  not 
I  be  made  our  guides  in  natm-al  philosophy,  that  a 
rejudicc  has  been  established  against  the  intToduc 
Hon  of  any  views  to  which  this  designation  can  be 
applied,  into  physical  speculations.  Yet,  in  fact,  the 
tsuniptton  of  an  end  or  ])urpose  in  the  structure  of 
nizerl  beings,  appears  to  be  an  intellectual  habit 
liich  no  efforts  can  cast  off.  It  has  prevailed  from 
t  earliest  to  the  latest  ages  of  zoological  reGeareh ; 

rsiolOfpats,  we  cannot  doubt  t!ie  propriety  of  Meckel'g  re- 
I,  (Compaiutirc  Anatoiuy,  1831,  Pref.  p.  xl.)  tbut  it  cannot 
k  truly  asserted  either  to  be  new,  or  to  be  peculuu-l/ due  to 
EoffroySntnt-nilaire. 
'  It  is  hardly  worth  ■nliile  answering  such  illustrations,  but 
lay  rrmark,  that  (he  one  quoted  above,  irrelevant  and  unbe- 
eoming  ju  it  is,  tclla  altogether  against  its  author.  The  fiict  ibat 
the  Vfooden  leg  is  of  the  same  length  ns  the  other,  jiroves,  and 
would  satisfy  the  most  incredulous  man,  that  it  woa  ialended 
t  woUdng. 
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apiiears  to  be  fastened  upon  us  alike  by  our  igniH 
ranee  and  our  knowledge ;  and  has  been  formallf 
accepted  by  so  utany  ^cat  nnatomitits,  that  ve  cam 
not  feel  any  scruple  in  believing  the  rejection  of 
to  be  a  superstition  of  a  false   philosophy,  aud 
result  of  the  exaggeration  of  other  principles  whii 
are  supposed  capable  of  superseding  its  use. 
the  doctrine  of  unity  of  plan  of  all  animals,  and  tl 
other  principles  associated  nith  this  doctrine,  so  fks 
as   they   exclude  the  conviction  of  an    intelligibls 
scheme  and  a  discoverable  end,  in  the  organization 
of  animals,  appear  to  be  utterly  erroneous.     I  wiU 
offer  a  few  reasons  for  an  opinion  which  may  appea^ 
presumptuous  in  a  writer  who  has  only  a  genei 
knowledge  of  the  subject. 

1.  In  the  first  ])lace,  it  ajipears  to  me  that  tl 
argumentation  on  the  case  in  question,  the  eepla,  doe 
by  no  means  turn  out  to  the  advantage  of  the  nei^ 
h)'pothesis.     The  arguments  in  support  of  the  hj'po 
thetical  view  of  the  structure  of  this  mollusc  wei 
that  by  this  view  the  relative  position  of  the  part 
was  explained,  and  conformations  whicli  had  apjieared 
altogether   anomalous,   were  reduced    to  rule ; 
example,  the  beak,  which  had  been  supposed  to  be 
a  position  the  reverse  of  all  other  beaks,  was  shown 
by  the  assumed  posture,  to  have  its  upper  mandlblt 
longer  than  the  lower,  and    thus    to  be  regularl)! 
placed.     "  But,"  says  Cuvier  ",  "  supposing  the  poS 

"  C.  S.  II.  PlUl.  Zool.  i>.  70. 


foi 


THE  DOCTRINE  OP   FINAL   CAISES. 

^  in  order  that  the  Ri(k'  nii  wliirli  tliL'  funnel  of 
the  sepia  ia  folded  should  he  tlio  buck  of  the  aiiiinnl, 
considered  as  similar  to  a  vertebrate,  the  brain 
witli  regard  to  the  beak,  and  the  a'sophagus  with 
rcgnrd  to  the  liver,  should  have  positions  correspnnd- 
in;Er  to  those  in  vertebrates ;  but  the  positions  of 
thew  organs  are  exactly  contrary  to  tlio  hypo- 
thesis. IIow,  then,  can  yon  say,"  he  asks,  "  that  the 
cephalopoda  and  vertebrates  have  idetitity  of  com- 
position, unify  lif  composition,  without  using  words 
ID  a  sense  entirely  different  from  their  common 
meaning'  ?" 

This  argument  appears  to  be  exactly  of  the  kind 
on  which  the  value  of  the  hypothesis  must  depend". 
It  is,  therefore,  interesting  to  see  tlie  reply  made  to 
it  by  the  theorist.  It  is  this :  "  I  admit  the  (acts 
here  stated,  but  I  deny  that  they  lead  to  the  notion 
of  a  different  sort  of  animal  composition.  Mol- 
luscous animals  had  been  placed  too  high  in  the 
zoological  scale;  but  if  they  are  only  the  embryos 
of  its  lower  stages,  if  they  are  only  beings  in  which 


"  I  do  not  dwell 

It  WM  given  t 

of  the  typp,  that  in  thia  wiiy  the   bntk 
■MiMhr  was  white.     On  this  Cuvicr  ohsi^rvcs ' 
^^^^mf  not  know  any  naturalist  so  ignorant  a 
^^^K  is  dotermined  by  ilD  dark   colour,  or  > 
^flBwi  the  animal  is  in  motion;  tlicy  all  ki 

haft  a  black  )>eUy  and  a  while  back  ;  that  an 

nninuils,  eapecially  among  insects,  are  in  the 

that  tniuif  fiflhcs  swim  on  their  side,  or  with  their  belly  upward*. 
"  Phil.  Zofll  p.  30,  CB. 

rat,  m. »u 


other  arguments  which  were  employed. 

suggesting  the  supposed  posture 

i^oluured,  and  the 

"  I  must  say,  that 

>  suppose  that  tho 

n  by  its  position 

r  that  the  badger 

ity   of  other 

e  ciise ;  and 
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far  fewer  organs  come  into  play,  it  does  not  follow 
that  the  organs  are  destitute  of  the  rcktious  which 
the  power  of  successive  generations  may  demaniL 
The  organ  A  will  be  in  an  unusual  relation  ^vith  tli« 
organ  C,  if  B  has  not  been  produced ; — if  a  stoppagB 
of  the  developenient  has  fallen  upon  thia  latt 
organ,  and  has  thus  prevented  its  production.  A: 
thus,"  he  says,  "  we  see  how  we  may  have  difl'ereirf 
arrangements,  and  diverse  constructions  ati  tin 
appear  to  the  eye." 

It  Heenis  to  me  that  such  a  concession  as  thi 
entirely  destroys  the  theory  which  it  attempts  tl 
defend ;  for  what  arrangement  does  the  principle  of 
unity  of  composition  e^ditdf,  if  it  admits  unusi 
that  is,  various  arrangements  of  some  organs,  accont 
panicd  by  the  total  absence  of  others?  Or  hoi 
docs  this  ditfer  from  Cuvier's  mode  of  stating  th 
conclusion,  except  in  the  introduction  of  cei 
arbitrary  hypotheses  of  developement  and  stoppage/ 
"  I  reduce  the  facts,"  Cuvier  says,  "  to  their  truft 
exjiression,  by  saying  that  ceplialopods  have  seven 
organs  which  are  conmion  to  them  and  vertebrate 
and  which  discharge  the  same  offices ;  but  that  thef 
organs  are  in  thcni  differently  distributed,  and  ofle 
constructed  in  a  different  maimer ;  and  tliey  are  ai 
companied  by  several  other  organs  which  vertebratf 
have  not ;  while  these  on  the  other  hand  have  seven 
which  are  wanting  in  cephalopods." 

We  shall  see  afterwards  the  general  princi]»Iei 
vhich  Cuvier  himself  considered  as  the  best  guidi 
1  these  reasonings.     But  I  will  first  add  a  lew  wort 
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on  the  disposition  of  the  school   uow  under  cou- 
eideration,  to  reject  all  assumption  of  an  end. 

2.  That  the  parts  of  the  bodies  of  animals  are 
made  in  order  to  discharge  their  respective  oHiceB,  is 
a  conTiction  which  we  cannot  believe  to  be  other- 
wise than  an  irremovable  principle  of  the  philosophy 
of  organization,  when  we  see  the  manner  in  which 
it  has  constantly  forced  itself  upon  the  minds  of 
zoologists  and  anatomists  in  all  ages ;  not  only  as  an 
inference,  but  as  a  guide  whose  indications  they 
could  not  help  following.  I  have  already  noticed 
expressions  of  this  conviction  in  some  of  the  prin- 
cipal persons  who  occur  in  the  history  of  physiology, 
as  Galen  and  Harvey.  I  might  add  many  more,  but 
I  will  content  myself  with  adducing  a  contemporary 
of  Gooffroy'e,  whoso  testimony  is  the  more  remark- 
able, because  he  obviously  shares  with  his  country- 
mou  in  the  common  prejudice  against  the  uso  of 
final  causes.  "  I  consider,"  he  says,  in  speaking  of 
the  provisions  for  the  reproduction  of  animals", 
"  with  the  great  Bacon,  the  philosophy  of  final 
causes  as  sterile ;  but  I  have  elsewhere  acknowledged 
that  it  was  very  difficult  for  the  most  cautious  man 
never  to  have  recourse  to  them  in  his  explanations." 
After  the  survey  which  we  have  had  to  take  of  tho 
history  of  physiology,  we  cannot  but  eee  that  the 
assumption  of  tinal  cau.scs  in  this  branch  of  acience 
is  BO  far  from  being  sterile,  that  it  has  had  a  largo 
^|baro  in  every  discovery  which  is  included  in  the 

BCabanls,  Bapporta  du  Pb^sif^uc  i^t  du  ^loralc  dc  I'llonuac, 
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existing  mass  of  real  knowleilge.     The  use  of  CTeryl 
organ    has  been    discovered    by  startiug   from  ih* 
assumption  that  it  must  hare  some  use.     The  cloo>| 
trine  of  the  circulation  of  the  blood  was,  as  wo  ha?( 
Been,  clearly  and  professedly  due  to  the  iiersuasioi 
of  a  purpose   in    the   circulatory   apparatus, 
study  of  comparative  anatomy  is  the  study  of  thl 
adaptation  of  animal  structures  to  their   purpose 
And  we  sliall  soon  have  to  show  that  tliis  conceptiod 
of  fiual  causes  has,  in  our  own  times,  been  bo  I 
from  barren,  that  it  has,  in  the  hands  of  Cuvior  a 
others,  enabled  us  to  become  intimately  acquaintc 
with  vast  departments  of  zoology  to  which  wc  h&ii 
no  other  mode  of  access.     It  has  placed  before  i 
in  a  complete  state,  animals,  of  wliich,  for  thousa 
of  years,  only  a  few  fragments  have  existed, 
which  differ  widely  from  all  existing  animals;  and  I 
has  given  birth,  or  at  least  has  given  the  greatef 
part  of    its  importance  and  interest,  to   a  sciei 
which  forms    one    of    the    brightest   parts    of 
modern  progress  of  knowledge.      It  is,    therefoit 
very  far  from  being  a  vague  aud   empty  assertioi 
when  we  say  that  final  causes  are  a  real  and  iodi 
structible  element  iu  zoological  philosophy ;  and  t 
the  exclusion  of  them,  as  attempted  by  tlie  school  i 
■which  we  speak,  ia  a  fundamental  and  mt^t  i 
chievous  error. 

3.  Thus,  though  the  physiologist  may  pcrsuai 
himself  that  he  ought  not  to  refer  to  final  cauj 
we  find  that,  pi-actically,  he  cannot  help  it ; 
that  the  event  shows  that  his  practical  habit  is  rigl 
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and  ■well-founded.  But  he  may  still  cling  to  the 
speculative  difficulties  and  doubts  in  wliieh  such  sub- 
jects may  be  involved  by  a  priori  considerations- 
lie  may  say,  as  Saint-Hilaire  does  say'^  "  I  ascribe 
no  intention  to  God,  for  I  mistrust  the  feeble  powers 
of  my  reason.  I  observe  facts  merely,  and  go  no 
further.  I  only  pretend  to  the  character  of  the  his- 
torian of  iv/iut  is."  "  I  cannot  make  nature  an  in- 
telligent being  who  does  nothing  in  vain,  who  acts 
by  the  shortest  mode,  who  does  all  for  the  best." 

I  am  not  going  to  enter  at  any  length  into  this 
subject,  which,  thus  considered,  is  metaphysical  and 
theological,  rather  than  physiological.  If  any  one 
maintain,  as  some  have  maintained,  that  no  mani- 
festation of  means  apparently  used  for  ends  in 
nature,  can  prove  the  existence  of  design  in  the 
Author  of  nature,  this  is  not  the  place  to  refute  such 
an  opinion  in  its  general  form.  But  I  think  it  may 
be  worth  while  to  show,  that  even  those  who  incline 
to  such  an  opinion,  still  cannot  resist  the  necessity 
which  compels  men  to  assume,  in  organized  beings, 
the  existence  of  an  end. 

Among  the  philosophers  who  have  referred  our 
conviction  of  the  being  of  God  to  our  moral  nature, 
and  have  denied  the  posBil)ility  of  demonstration  on 
mere  physical  grounds,  Kant  is  perhaps  the  most 
eminent.  Yet  he  has  asserted  the  reality  of  such  a 
principle  of  physiology  as  we  are  now  maintaining 
in  the  most  emphatic  manner.    Indeed,  this  assump- 

t  of  an  end  makes  his  very  definition  of  an  orga- 
"  Phil.  Zool.  p.  10. 
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nized  Itein^.     "  An  c 
that  in  wliicli  all  tlie 


trpranized  product  of  nature 
parts  are  mutually 


And   tliiw,  Ir-  says. 


an'l 


necessary  niaxiiii.     lie  adds,  "  It  is  well  known  tbat 
the  auatomisers  of  plants  and  nniranis,  in  order  t 
investigate  their  etnieture,  and  to  obtain  an  insigl 
into  the  g;roundB  why  and  to  what  end  such  ' 
why  such  a  situation  and  connexion  of  the 
and  exactly  such  an  internal  fonn,  come  before  then 
assume,  as  indispensably  necessary,  this  maxim,  thi 
in  such  a  creature  nothing  is  in  ram,  and  proce* 
upon  it  in  the  same  way  in  which  in  general  natui 
philosophy  we   proceed   upon    tho    principle    th 
nothing  happms  by  chance.     In  fact,  they  can  as  Utd 
free  themselves  from  this  telcological   principle  i 
from  the  general  physical  one ;  for  as,  on  omittii 
the  latter,  no  experience  would  be  possible,  so  ( 
omitting  the  former  principle,  no  clue  could  exi 
for  the  observation  of  a   kind    of  natural   objed 
which  can   be  considered    teleologically  under  1 
conception  of  natural  ends." 

Even  if  the  reader  should  not  follow  the  r 
ing  of  this  celebrated  philosopher,  he  will  still  hal 
no  difficulty  in  seeing  that  he  asserts,  in  the  mo 
distinct  manner,  that  which  is  denied  by  tlie  auth4 
whom  we  have  before  quoted,  the  propriety 
necessity  of  assuming  the  existence  of  an  end  as  oi 
guide  in  the  study  of  animal  organization. 

4.  It  appears  to  me,  therefore,  that  whether  % 
judge^from  the  arguments,  tho  results,  the  proctw 
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of  physiologists,  tlioir  speculative  opinions,  or  those 
of  the  philosophers  of  a  wider  field,  we  are  led  to 
the  same  conviction,  that  in  the  organized  world  we 
may  and  must  adopt  the  belief,  that  organization 
existR  for  its  purpose,  and  that  tlie  apprehension  of 
the  purpose  may  guide  us  in  seeing  the  meaning  of 
the  organization.  And  I  now  proceed  to  show  bow 
this  principle  has  been  brought  into  additional  clear- 
ness and  use  by  Cuvier. 

In  doing  this,  I  may,  perhaps,  be  allowed  to  make 
a  reflection  of  a  kind  somewhat  different  from  the 
preceding  remarks,  though  suggested  by  them.  In 
another  work",  I  endeavoured  to  show  that  those 
who  have  been  discoverers  in  science  have  generally 
had  minds,  the  disposition  of  which  was  to  believe 
in  an  intelligent  Maker  of  the  universe ;  and  that 
the  scientific  speculations  which  produced  an  oppo- 
site teTidcncy.  were  generally  those  which,  though 
they  might  deal  familiarly  with  known  physical 
truths,  and  conjecture  boldly  with  regard  to  the 
unknown,  did  not  add  to  the  number  of  solid  gene- 
ralisations. In  order  to  judge  whether  tliis  remark  is 
distinctively  applicable  in  the  case  now  considered,  I 
ghould  have  to  estimate  Cuvier  in  comparison  with 
other  physiologists  of  hia  time,  which  I  do  not  pre- 
nume  to  do.  But  I  may  observe,  that  he  is  allowed 
bv  all  to  have  established,  on  an  indestructible  basis, 
many  of  the  most  important  generalisations  which 
zoology  now  contains ;  and  the  principal  defect  which 

*  Bridgcwater  Treatise,  B.  III.  c.  vii.  anil  viii.     On  Induo 
■  B&bits  of  Tliouglit,  and  on  Deductive  Habits  of  Thouglit. 
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his  critics  have  pointed  out,  has  been,  that  he  did  not 
generalise  still  more  widely  and  boldly.     It  appears, 
therefore,  that  he  cannot  but  be  placed  among  the 
great  discoverers  in  the  studies  which  he  pursued; 
and  this  being  the  case,  those  who  look  with  pl^tsure 
on  the  tendency  of  the  thoughts  of  the  greatest  men 
to  an  Intelligence  far  higher  than  their  own,  must  be 
gratified  to  find  that  he  was  an  example  of  this  ten- 
dency ;  and  that  the  acknowledgement  of  a  creative 
purpose,  as  well  as  a  creative  power,  not  only  entered 
into  his  belief,  but  made  an  indispensable  and  pro- 
minent part  of  his  philosophy. 

Sect  3. — Establuhment  and  Application  of  the  Pnn- 
ciph  of  the  Conditions  of  Emstence  of  Animals. — 
Ciivier. 

We  have  now  to  describe  more  in  detail  the  doc- 
trine which  Cuvier  maintained  in  opposition  to  such 
opinions  as  we  have  been  speaking  of;  and  which, 
in  his  way  of  applying  it,  we  look  upon  as  a  material 
advance  in  physiological  knowledge,  and  therefore 
give  to  it  a  distinct  place  in  our  history.  "  Zoology 
has,"  he  says",  in  the  outset  of  his  Regne  Animal, 
"  a  principle  of  reasoning  which  is  peculiar  to  it,  and 
which  it  employs  with  advantage  on  many  occasions : 
this  is  the  principle  of  the  conditions  of  ednstence^ 
vulgarly  called  the  principle  of  fnal  causes.  As 
nothing  can  exist  if  it  do  not  combine  all  the  condi- 
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pWns  which  render  its  existence  poasiblo,  tho  liiffert'iit 
partK  of  each  being  must  be  ro-ordiiintcd  in  bupU  n 
manner  as  to  render  the  total  being  poHsible,  uot 
only  in  itself,  but  in  its  relations  to  those  which 
surround  it;  and  the  analysis  of  these  conditions 
often  leads  to  general  laws,  as  clearly  deninustnited 
as  those  which  result  from  calculation  or  from  ex- 
^^uaence." 

^^Hllis  is  enunciation  of  his  leading  priiioiiile  in 
^^pfterai  terms.  To  our  ascribing  it  to  him,  some 
may  object,  on  the  ground  of  its  being  self-evident 
in  its  nature",  and  having  been  very  anciently 
applied.  But  to  this  we  reply,  that  the  prini'ijdu 
must  be  considered  as  a  real  discovery,  in  the  hands 
^of  him  who  iirst  shows  how  to  make  it  an  instrument 
^^Hotbcr  discoveries.  It  is  true  in  other  cases  well  as 
^^Bthis,  that  some  vague  apprehension  of  true  general 
principles,  such  as  «  pritm  considerations  can  supply, 
has  long  preceded  the  knowledge  of  them  ns  real 
and  verified  laws.  In  such  a  way  it  was  seen,  before 
Newton,  that  the  motions  of  the  planets  must  result 
from  attraction;  and  before  Dufay  and  Franklin,  it 
■was  held  that  electrical  actions  must  result  from  a  fluid, 
Cuvier's  merit  consisted,  not  in  seeing  that  an  animal 
cannot  exist  without  combining  all  the  conditions  of 
its  oxistenee;  but  in  perceiving  that  this  truth  may 
bo  taken  as  a  guide  in  our  researches  concerning 
animals  ; — that  the  mode  of  their  existence  may  be 
collected  from  one  part  of  their  structure,  and  then 
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applied  to  interpret  or  detect  another  part.  Ila 
weut  nti  the  supposition  not  only  that  animal  fonni 
have  some  plan,  some  purpose,  but  that  they  have  a 
intelligible  plan,  a  discoverable  purpose.  He  pro- 
ceeded in  his  investigations  like  the  decipherer  of  i 
manuscript,  who  makes  out  his  alphabet  from  ona 
part  of  the  context,  and  then  applies  it  to  read  th9 
rest.  The  proof  that  his  ])rinciple  was  8ometbiD|> 
very  different  from  an  identical  proposition,  is  to  be 
found  in  the  fact,  that  it  enabled  him  to  understand 
and  arrange  the  structures  of  animals  with  nnpre 
cedented  clearness  and  completeness  of  order ;  an 
to  restore  the  forms  of  the  extinct  animals  whid 
are  found  in  the  rocks  of  the  earth,  in  a  mannei 
which  has  been  universally  assented  to  as  irresisttb^ 
convincing.  These  results  cannot  flow  from  a  trifling 
or  barren  principle ;  and  they  show  us  that  if  W 
are  disi)08ed  to  form  euch  a  judgment  of  Cuviei^ 
doctrine,  it  must  be  because  we  do  not  fully  appn 
hend  its  import. 

To  illustrate  this,  wo  need  only  quote  the  statrf 
ment  which  he  makes,  and  the  uses  to  which  he 
applies  it.  Thus  in  the  Introduction  to  his  j 
great  work  on  "Fossil  Remains,"  he  says,  "  Everj 
organized  being  forms  an  entire  system  of  its  n 
all  the  parts  of  which  mutually  correspond,  am 
concur  to  produce  a  certain  definite  purpose  b; 
reciprocal  reaction,  or  by  combining  to  the  samd 
end.  Hence  none  of  these  separate  partjn  can  change 
their  forms,  without  a  corresponding  change  in  th( 
other  parts  of  tlie  same  animal ;  and  consequeutlj 
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ibh  of  these  jmrts.  taken  separately,  indicates  all 
the  other  parts  to  which  it  has  belonged.  Thus,  if 
the  viscera  of  an  animal  are  eo  organised  as  only  to 

tiitted  for  the  digestion  of  recent  flesh,  it  is  also 
[Bisite  that  the  jaws  should  be  so  constructed  as 
fit  them  for  devouring  prey ;  the  claws  must  bo 
constructed  for  seizing  and  tearing  it  in  pieces;  the 
^Jgeth  for  cutting  and  dividing  its  flesh ;  the  entire 
^^■tem  of  the  limbs  or  organs  of  motion  for  pursuing 
^^Bl  overtaking  it;  and  the  organs  of  sense  for  dis- 
eovering  it  at  a  distance.     Nature  must  also  have 
endowed  the  brain  of  the  animal  with  instincts  suf- 
ficient for  concealing  itself,  and  for  laying  plans  to 
catch  its  necessary  victims"."  By  such  considerations 
he  has  been  able  to  reconstruct  the  whole  of  many 
animals  of  which  parts  only  were  given ; — a  positive 
result,  which  shows  both  the  reaUtyand  the  value  of 
!  tnith  on  which  he  wTOUglit. 
A.nother  great  example,  equally  sliowing  the  im- 
mse  importance  of  this  principle  in  Cuvicr's  hands, 
^e  reform  which,  by  means  of  it,  he  introduced 
I  the  classification  of  animals.     Here  again  we 
'  quote  the  view  he  himself  has  given'^  of  the 
ictcr  of  his  own   improvements.      In  studying 
ihysiology  of  the  natural  classes  of  vertebrate 
lals,  he  found,  he  says.  "  in  the  respective  quan- 
■  their  respiration,  the  reason  of  the  quantity 
(i  their  motion,  and  consequently  of  the  kind  of 

"  Theory  of  the  Eortli,  p.  90. 
"  HUt.  Sc.  Nat  i.  293. 
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locomotion.      This,  again,  furnishes  the   reason  for 
I  the  forms  of  their  skeletons  and  muscles;  and  the 
energy  of  tlieir  senses,  and  the  force  of  their  diges- 
L  tion,  are  in  a  necessary  proportion  to  the  same  qiiaih 
[  tity.      Thus  a  division  which  had  till    then    been 
I  established,  like  that  of  vegetables,  only  upon  obser- 
f  vation,  was  found  to  rest  upon  causes  appreciable. 
[  and    applicable    to  other   cases."      Accordingly,  he 
applied  this  view  to  invertebrates; — examined  the 
modifications  which  take  place  in  their  organs  of 
circulation,  respiration,  and  sensation;    and  having 
I  calculated  the  necessary  results  of  these  modifica- 
tions, he  deduced  from  it  a  new  division  of  those 
[  animals,  iu  which  they  are  arranged  according  to 
'  their  true  relations. 

Such  have  been  some  of  the  results  of  the  prin- 
l  ciple  of  the  conditions  of  existence,  as  applied  by  its 
I  great  assertor. 

It  is  clear,  indeed,  that  such  a  principle  could 

I  acquire  its  practical  value  only  in  the  hands  of  a 

person  intimately  acquainted  with  anatomical  details, 

with  the  functions  of  the  organs,  and  with  their  variety 

in  different  animals.     It  is  only  by  means  of  such 

L  nutriment  that  the  embryo  truth  could  be  developed 

I  into  a  vast  tree  of  science.     But  it  is  not  the  less 

clear,  that  Cuvier's  immense  knowledge  and  great 

powers  of  thought  led  to  their  results,  only  by  being 

employed  under  the  guidance  of  this  master-prin- 

l«)ple:  and,  therefore,  we  may  justly  consider  it  as 

phe  distinctive  feature  of  his  speculations,  and  follow 

1  a  gratified  eye,  as  the  tliread  of  gold  which 
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i  through,  connects,  and  enriches  his  zoological 
researches: — gives  them  a  deejier  interest  and  a 
higher  value  than  can  belong  to  any  view  of  the 
organical  sciences,  in  which  the  very  essence  of 
organization  is  kept  out  of  view. 

The  real  philosopher,  who  knows  that  all  the 
kinds  of  truth  are  intimately  connected,  and  that 
all  the  best  hopes  and  encouragements  which  are 
granted  to  onr  nature  must  be  consistent  with  truth, 
will  be  Batisfied  and  confirmed,  rather  than  suq)rised 
aud  disturbed,  thus  to  find  the  natural  sciences 
leading  him  to  the  borders  of  a  higher  region.  To 
him  it  will  appear  natural  and  reasonable,  that,  after 
joumejing  so  long  among  the  beautiful  and  onierly 
lawB  by  which  the  universe  is  governed,  we  find  our- 
selves at  last  aiiproaeliing  to  a  source  of  order  and 
law,  and  intellectual  beauty : — that,  after  venturing 
into  the  region  of  life  and  feeling  and  will,  we  are 
led  to  believe  the  fountain  of  life  and  will,  not  to  be 
itself  unintelligent  and  dead,  but  to  be  a  living 
mind,  a  power  which  aims  as  well  as  acts.  To 
us  this  doctrine  appears  like  the  natural  cadence  of 
the  tones  to  which  we  have  so  long  been  listening ; 
and  without  such  a  final  strain  our  ears  would  have 
been  left  craiiug  and  unsatisfied.  We  have  been 
lingering  long  amid  the  harmonies  of  law  and  sym- 
metry, constancy  and  developement ;  and  these  notes, 
though  their  music  was  sweet  and  deep,  must  too 
often  have  sounded  to  the  ear  of  onr  moral  nature, 
as  vague  aud  unmeaning  melodies,  floating  in  the 
air  around  us,  but  conveying  no  definite  thought. 
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moulded  into  no  intelligible  announcement.  But 
one  passage  which  we  have  again  and  again  caught 
by  snatches,  though  sometimes  interrapted  and 
lost,  at  last  swells  in  our  ears  full,  clear,  and 
decided ;  and  the  religious  **  Hjrmn  in  honour  of  the 
Creator,"  to  which  Galen  so  gladly  lent  his  voice, 
and  in  which  the  best  physiologists  of  succeeding 
times  have  ever  joined,  is  filled  into  a  richer  and 
deeper  harmony  by  the  greatest  philosophers  of  these 
later  days,  and  will  roll  on  hereafter,  the  "  perpetual 
song"  of  the  temple  of  science. 


1 :  :z  z^  ::i 
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Di  qnibus  imperium  est  animanim,  Umbrseque  silentes, 
£t  Chaos,  et  Phlegetkon,  loca  nocte  silentia  late, 
8it  mihi  fas  audita  loqui ;  sit,  numine  vestro 
Pandere  res  alta  terrd  et  caligine  rnersas. 

Virgil,  jEn.  tL  264. 

Ye  Mighty  Ones,  who  sway  the  Souls  that  go 
Amid  the  marvels  of  the  world  below ! 
Ye,  silent  Shades,  who  sit  and  hear  around  ! 
Chaos  !  and  Streams  that  bum  beneath  the  ground ! 
All,  all  forgive,  if  by  your  converse  stirred, 
My  lips  shall  utter  what  my  ears  have  heard ; 
If  I  shall  speak  of  things  of  doubtful  birth. 
Deep  sunk  in  darkness,  as  deep  sunk  in  earth. 


Of  the  Pdatiological  Sciences. 


We  now  approach  the  last  class  of  sciences  which 
entet  into  the  design  of  the  present  work ;  and  of 
these,  Geology  is  the  representative,  whose  history 
we  shall  therefore  briefly  follow.  By  the  class  of 
sciences  to  which  I  have  referred  it,  I  mean  to  point 
out  those  researches  in  which  the  object  is,  to  ascend 
from  the  present  state  of  things  to  a  more  ancient 
condition,  from  which  the  present  is  derived  by 
intelligible  causes. 

The  sciences  which  treat  of  causes  have  some- 
times been  termed  estiologtcal,  from  ahia,  a  cause: 
but  this  term  would  not  sufficiently  describe  the 
speculations  of  which  we  now  speak  ;  since  it  might 
include  sciences  which  treat  of  permanent  causality, 
like  mechanics,  as  well  as  inquiries  concerning  pro- 
gressive causation.  The  investigations  which  we 
now  wish  to  group  together,  deal,  not  only  with  the 
possible,  but  with  the  actual  past;  and  a  portion  of 
that  science  on  which  we  are  about  to  enter,  geology, 
has  properly  been  termed  paleontology,  since  it  treats 
of  beings  which  formerly  existed'.  Hence,  com- 
bining these  two  notions',  the  term  palcetiologt/ 
appears  to  be  not  inappropriate,  to  describe  those 
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speculations  which  thus  refer  to  actual  past  events, 
but  attempt  to  explain  them  by  laws  of  causation. 

Such  speculations  are  not  confined  to  the  world 
of  inert  matter;  we  have  examples  of  them  in 
inquiries  concerning  the  monuments  of  the  art 
and  labour  of  distant  ages;  in  examinations  into 
the  origin  and  early  progress  of  states  and  cities, 
customs,  and  languages;  as  well  as  in  researches 
concerning  the  causes  and  formations  of  mountains 
and  rocks,  the  imbedding  of  fossils  in  strata,  and 
their  elevation  from  the  bottom  of  the  ocean.  All 
these  speculations  are  connected  by  this  bond, — 
that  they  endeavour  to  ascend  to  a  past  stAte  of 
things,  by  the  aid  of  the  evidence  of  the  present. 
In  asserting,  with  Cuvier,  that  "  The  geologist  is  an 
antiquary  of  a  new  order,"  we  do  not  mark  a  fanciful 
and  superficial  resemblance  of  employment  merely, 
but  a  real  and  philosophical  connexion  of  the  prin- 
ciples of  investigation.  The  organic  fossils  which 
occur  in  the  rock,  and  the  medals  which  we  find  in 
the  ruins  of  ancient  cities,  are  to  be  studied  in  a 
similar  spirit  and  for  a  similar  purpose.  Indeed,  it  is 
not  always  easy  to  know  where  the  task  of  the 
geologist  ends,  and  that  of  the  antiquary  begins. 
The  study  of  ancient  geography  may  involve  us  in 
the  examination  of  the  causes  by  which  the  forms  of 
coasts  and  plains  is  changed ;  the  ancient  mound  or 
scarped  rock  may  force  upon  us  the  problem,  whe- 
ther its  form  is  the  work  of  nature  or  of  man ;  the 
ruined  temple  may  exhibit  the  traces  of  time  in  its 
changed  levels  and  searwom  colunms ;  and  thus  the 


antiqcBUD  of  tke  ohA  i 
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Soch  a  I 
gical  iiiTes(%itioiii  iaa,  m  hti,  icftofly  oeoiinwi 
The  cbAoges  viiiefa  have  t^ea  pbre  in  Ae  t 
of  Jupiter  Senilis,  near  Poonoli,  are  of  tba  I 
which  hare  jast  been  described;  and  Hua  'ataitjm 
example  of  a  Uige  dass  of  objects; — the  monumeiits 
of  art  converted  into  records  of  natural  events. 
And  on  a  wider  scale,  we  find  Cuvier,  in  his  inquiries 
into  geological  changes,  bringing  togptber  historical 
and  phvsical  eridence.  Dr.  Prichard,  in  his  "  Re- 
searches into  the  PhTsical  History  of  Mas,"  has 
shown  that  to  execute  such  a  design  as  his,  wo  must 
combine  the  knowledge  of  the  physiological  laws  of 
nature  with  the  traditions  of  history  and  the  philo- 
Boj>hical  comparison  of  Jangiiages.  And  even  if  wo 
refuse  to  admit,  as  part  of  the  business  of  geology, 
inquiries  concerning  the  origin  and  physical  history 
of  the  present  population  of  the  globe;  still  the 
geologist  is  compelled  to  take  an  interest  in  such 
inquiries,  in  order  to  understand  matters  which 
rigorously  belong  to  hia  proper  domain;  for  the 
ascertained  history  of  the  present  stato  of  tlJngi 
offers  the  best  means  of  throwing  light  iipon  the 
causes  of  past  changes.  Mr.  Lycll  quote**  Dr.  Prioh- 
ard's  books  more  frequently  than  any  geological  work 
of  the  same  extent. 

Again,  we  may  notice  another  common  circtun- 

atance  in  the  atudies  which  wo  ore  grouping  togothor 

lit 
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as  palsetiological,  diverse  as  they  are  in  their  subjects. 
In  all  of  them  we  have  the  same  kind  of  niani- 
festationa  of  a  number  of  successive  changes,  each 
springing  out  of  a  preceding  state ;  and  in  all,  the 
phenomena  at  each  step  become  more  and  mors 
complicated,  by  involving  the  results  of  all  that  bai 
preceded,  modified  by  supervening  agencies, 
general  aspect  of  all  these  trains  of  change 
similar,  and  ofters  the  same  features  for  descriptioiU 
The  relics  and  ruins  of  the  earlier  states  are  pre 
served,  mutilated  and  deatl,  in  the  products  a 
later  times.  The  analogical  figures  by  which  we  ar 
tempted  to  express  this  relation  are  philosophical!] 
just.  It  is  more  than  a  mere  fanciful  description,  V 
say  that  in  languages,  customs,  forms  of  society; 
political  institutions,  we  see  a  number  of  formation 
superimposed  upon  one  another,  each  of  which  is,  foi 
the  most  part,  an  assemblage  of  fragments  and  resultl 
of  the  preceding  condition.  Though  ourcomparisc 
might  bo  bohl,  it  would  bo  just,  if  we  were  to  saj 
that  the  English  language  is  a  conglomerate  of  Latii 
words,  bound  together  in  a  Saxon  cement ;  th 
fragments  of  the  Latin  being  partly  portione  intn 
duced  directly  from  the  parent  quarry,  with  all  thai 
sharp  edges,  and  partly  pebbles  of  the  same  meteris 
obscured  and  shaped  by  long  rolling  in  a  Norman  0 
some  other  channel.  Thus  the  study  of  palietiolog 
in  the  materials  of  the  earth,  is  only  a  tvjte  of  ftimilft 
studies  with  respect  to  all  the  elements,  which,  i 
the  history  of  the  earth's  inhabitants,  hare  be< 
loDstaotly  undergoing  a  series  of  connected  change 
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■  But,  wide  as  is  the  view  which  such  considerations 
give  U8  of  the  class  of  sciences  to  which  geology 
belongs,  they  extend  still  further.  "  The  science  of 
the  changes  which  have  tukeu  place  in  the  organic 
and  inorganic  kingdoms  of  nature,"  {such  is  the 
description  which  has  been  given  of  geology,")  may, 
by  following  another  set  of  connexions,  be  extended 
beyond  "  the  modifications  of  the  surface  of  our  own 
planet."  For  we  cannot  doubt  but  that  some  resem- 
blance, of  a  closer  or  looser  kind,  has  obtained 
between  the  changes  and  causes  of  change,  on  other 
bodies  of  the  universe,  and  on  our  own.  The  appear- 
ances of  something  of  the  kind  of  volcanic  action  on 
the  surface  of  the  moon,  are  not  to  be  mistaken. 
And  the  inquiries  concerning  the  origin  of  our 
planet  and  of  our  solar  system,  inquiries  to  which 
Geology  irresistibly  impels  her  students,  direct  us  to 
ask  what  information  the  rest  of  the  universe  can 
supply,  bearing  upon  .this  subject.  It  has  been 
thought  by  some,  that  we  can  trace  systems,  more  or 
less  like  our  solar  system,  in  the  process  of  forma- 
tion ;  the  nebulous  matter,  which  is,  at  first,  expan- 
sive and  attenuated,  condensing  gradually  into  suns 
and  planets.  Whether  this  Nebular  Jli/poihesis  be 
tenable  or  no,  I  shall  not  here  inquire ;  but  the 
discussion  of  such  a  question  would  be  closely  con- 
nected with  geology,  both  in  its  interests  and  in  its 
methods.  We  shall  have  to  class  cosmical  Palaiti- 
ology  with  terrestrial,  if  we  ever  find  materials  for 
|.  fonner  science. 


I 


Tliese  paVtiological  sciences  might  properly  ba 
called  hisfnrica!,  if  the  term  were  sufficienth' precise: 
for  they  are  all  of  the  nature  of  historj-,  being  con- 
cerned with  the  succession  of  events ;  and  the  pari 
of  liistory  which  deals  with  the  past  causes  of  eventtt 
IB,  in  fact,  a  moral  paltetiology.  But  the  phttlM 
natural  history  has  so  accustomed  ns  to  a  use  of  tbfl 
word  historical  in  which  we  have  nothing  to  do  witfc 
time,  that  it  would  be  in  constant  danger  of  being 
misunderstood.  The  fact  is,  as  Mohs  has  said,  thd 
Natural  History,  when  systematically  treated,  rigi 
ously  excludes  all  that  is  historical ;  for  it  classcf 
objects  by  their  permanent  and  universal  propertiesj 
and  has  nothing  to  do  with  the  narration  of  particulai 
and  casual  facts.  And  this  is  an  inconsistency  whioK 
we  shall  not  attempt  to  rectify. 

All  palfetiological  sciences,  since  they  undertake 
to  refer  changes  to  their  causes,  assume  a  < 
classification  of  the  phenomena  which  change  bringi 
forth,  and  a  knowledge  of  the  operation  of  the  cause) 
of  change.  These  phenomena,  these  causes,  are  vei^ 
different,  in  the  branches  of  knowledge  which  Iha« 
thus  classed  together.  The  natural  features  of  th( 
earth's  surface,  the  works  of  art,  the  institutions  d 
society,  the  forms  of  language,  taken  together,  an 
undoubtedly  a  very  wide  collection  of  subjects  (K 
speculation;  and  the  kinds  of  causation  which  appi] 
to  them  are  no  less  varied.  Of  the  causes  of  changl 
in  the  inorganic  and  organic  world, — the  pecol 
principles  of  geology, — we  shall  hereafter  have  ti 
As  these  must  he  studied  by  the  geologist 


THE  PAI,«TrOLOOICl,L  SCIENCES. 

^  in  like  manner,  tlw  tendencies,  instincts,  faculties, 
principles,  which  direct  man  to  architecture  and 
sculpture,  to  civil  government,  to  rational  and  gram- 
matical speech,  and  M-hich  have  determined  the  cir- 
cumstances of  his  progress  in  tliese  paths,  must  be  in 
a  great  degree  known  to  the  palffitiologist  of  art.  of 
society,  and  of  language,  respectively,  in  order  that 
he  may  epeculato  soundly  upon  his  peculiar  subject. 
With  these  matters  we  shall  not  here  meddle,  con- 
fining ourselves,  in  our  exemplification  of  the  con- 
ditions and  progress  of  such  sciences,  to  the  case  of 
geology. 

The  journey  of  survey  which  we  have  attempted 
to  perform  over  the  field  of  human  knowledge, 
although  carefully  directed  according  to  the  paths 
and  divisions  of  the  physical  sciences,  has  already 
conducted  us  to  the  boundaries  of  physical  science, 
and  gives  us  a  glimpse  of  the  region  beyond.  In 
following  the  history  of  life,  we  found  ourselves  led 
to  notice  the  perceptive  and  active  faculties  of  man; 
it  apjieared  that  there  was  a  ready  passage  from 
physiology  to  psychology,  from  physics  to  metaphysics. 
In  the  class  of  sciences  now  under  notice,  we  are,  at 
a  difil-rent  point,  carried  from  the  world  of  matter  to 
the  world  of  thought  and  feeling, — from  things  to 
men.  For,  as  we  have  already  said,  the  science  of 
the  causes  of  change  includes  the  productions  of 
man  as  well  as  of  nature.  Tlie  history  of  the  earth, 
and  the  history  of  the  earth's  inhabitants,  as  collected 
from  jihcnomena,  are  governed  by  the  same  prin- 
ciples.    Thus  the  portions  of  knowledge  which  seek 
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to  travel  back  towards  the  origin,  whether  of  inert 
things  or  of  the  works  of  man,  resemble  each  other. 
Both  of  them  treat  of  events  as  connected  by  the 
thread  of  time  and  causation.  In  both  we  endeavour 
to  learn  accurately  what  the  present  is,  and  hence 
what  the  past  has  been.  Both  are  historical  sciences 
in  the  same  sense. 

It  must  be  recollected  that  I  am  now  speaking  of 
history  as  setiological ; — as  it  investigates  causes,  and 
as  it  does  this  in  a  scientific,  that  is,  in  a  rigorous 
and  systematic,  manner.  And  I  may  observe  here, 
though  I  cannot  here  dwell  on  the  subject,  that  all 
setiological  sciences  will  consist  of  three  portions; 
the  description  of  the  facts  and  phenomena; — ^the 
general  theory  of  the  causes  of  change  appropriate 
to  the  case ; — and  the  application  of  the  theory  to 
the  facts.  Thus,  taking  geology  for  our  example,  we 
must  have,  first.  Descriptive  or  Phenomenal  Geology ; 
next,  the  exposition  of  the  general  principles  by 
which  such  phenomena  can  be  produced,  which  we 
may  term  Geological  Dynamics ;  and,  lastly,  doctrines 
hence  derived,  as  to  what  have  been  the  causes  of  the 
existing  state  of  things,  which  we  may  call  Physical 

eology. 

These  three  branches  of  geology  may  be  found 
frequently  or  constantly  combined  in  the  works  of 
writers  on  the  subject,  and  it  may  not  always  be  easy 
to  discriminate  exactly  what  belongs  to  each  subject*. 

*  The  "Wemerians,  in  distinguishing  their  study  from  geotogy^^ 
and  designating  it  as  geognosy^  the  knowledge  of  the  earth, 
appear  to'  have  intended  to  select  Descriptire  Oeology  for  their 
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But  the  analogy  of  this  science  with  others,  its  present 
condition  and  future  fortunes,  will  derive  great  illus- 
tration from  such  a  distribution  of  its  history ;  and 
in  this  point  of  view,  therefore,  we  shall  briefly  treat 
of  it ;  dividing  the  history  of  Geological  Dynamics, 
for  the  sake  of  convenience,  into  two  chapters,  one 
referring  to  inorganic,  and  one  to  organic,  phenomena. 


peculiar  field.  In  like  manner,  the  original  aim  of  the  Geological 
Society  of  London,  which  was  formed  (1807)  '^^ith  a  view  to 
record  and  multiply  observations,"  recognised  the  possibility  of  a 
Descriptive  Creology  separate  from  the  other  portions  of  the 
science. 
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CHAPTER  L 

Prelude  to  Systematic  Descriptive  Geology. 


Sect.  1. — Ancient  Notices  of  Geological  Facts. 

The  recent  history  of  geology,  as  to  its  most  im- 
portant points,  is  bound  up  with  what  is  doing  at 
present  from  day  to  day ;  and  that  portion  of  the 
history  of  the  science  which  belongs  to  the  past,  has 
been  amply  treated  by  other  writers*.  I  shall,  there- 
fore, pass  rapidly  over  the  series  of  events  of  which 
this  history  consists ;  and  shall  only  attempt  to  men- 
tion what  may  seem  to  illustrate  and  confirm  my 
own  view  of  its  state  and  principles. 

As  I  have  said,  I  shall  notice,  in  the  first  place, 
phenomenal  geology,  or  the  description  of  the  facts, 
as  distinct  from  the  inquiry  into  their  causes.  It 
is  manifest  that  such  a  merely  descriptive  kind  of 
knowledge  may  exist;  apd  it  probably  will  not  be  con- 
tested, that  such  knowledge  ought  to  be  collected, 
before  we  attempt  to  frame  theories  concerning  the 
causes  of  the  phenomena.  But  it  must  be  observed, 
that  we  are  here  speaking  of  the  formation  of  a  science; 

'  Ab  Lyell,  Fittoii)  Coiiy\>e«te)  ixv  o>uc  oyth  country. 
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and  that  it  is  not  a  collection  of  miscetlaiieous,  un- 
connected, uiiarranged  knowledge  that  can  be  con- 
sidered as  constituting  such  a  science;  but  a  metho- 
dical, coherent,  and,  as  far  as  possible,  complete  body 
of  facts,  exhibiting  fully  the  condition  of  the  earth, 
as  regards  those  circumstances  which  are  the  subject- 
matter  of  geological  speculation.  Such  a  descrip- 
tive geology  is  a  pre-requisite  to  physical  geology, 
just  as  phenomenal  astronomy  necessarily  preceded 
physical  astronomy,  or  as  classificatory  Botany  is  a 
necessary  accompaniment  to  Botanical  Physiology. 
We  may  obser^'e  also  that  descriptive  geology,  such 
as  we  now  speak  of,  is  one  of  the  classificatory  sci- 
ences, like  mineralogy  or  botany ;  and  will  be  found 
to  exhibit  some  of  the  features  of  that  class  of 
sciences. 

Since  then,  our  History  of  Descriptive  Geology  is 
to  include  only  systematic  and  scientific  descriptions 
of  the  earth  or  portions  of  it.  we  pass  over,  at  once, 
all  the  casual  and  insulated  statements  of  facts, 
though  they  may  be  geological  facts,  which  occur  in 
early  writers ;  such,  for  instance,  as  the  remark  of 
Herodotus',  that  there  are  shells  in  the  mountains  of 
Egypt ;  or  the  general  statements  which  Ovid  puts 
fcthe  mouth  of  Pythagoras'. 

Vidi  ego  quod  fuerat  BoUdissima  tcllus, 

e  fretum  ;  vidi  fuctas  ex  tequore  terras, 
£t  procu]  a  pelngo  conchas  jacuere  marine. 

Ve  may  remark  here  already  how  generally  there 


are  mingled  with  descriptive  notices  of  such 
logical  facts,  speculations  concerning  their  cause 
Herodotus  refers  to  the  circumstance  just  quoted,fi 
the  purpose  of  showing  that  Kgypt  was  formerly 
gulf  of  the  Bea ;  and  the  passage  of  the  Roman  poi 
is  part  of  a  series  of  exemplifications  which  he  gin 
of  the  philosophical  tenet,  that  nothing  perishe*  hi 
everything  changes.  It  will  be  only  by  constai 
attention  that  we  shall  be  able  to  keep  our  jirosina 
of  geology  distinct. 


Sect.  2.- 


-Early  Descriptions  and  Colkclions  of 
Fossils. 


If  we  look,  as  we  have  proposed  to  do,  for  eysM 
matic  and  exact  knowledge  of  geological  facts,  w 
find  nothing  which  we  can  properly  adduce  till  w 
come  to  modem  times.  But  when  focts  such  a 
those  already  mentioned,  (that  sea-shells  and  othfl 
marine  objects  are  found  imbedded  in  rocks,)  am 
other  circumstances  in  the  structure  of  the  eartb 
had  attracted  considerable  attention,  the  exact  ex( 
unation,  collection,  and  record  of  these  circuBl 
stances  began  to  be  attempted.  Among  such  Btep 
in  descriptive  geology,  we  may  notice  description 
and  pictures  of  fossils,  descriptions  of  veins 
mines,  collections  of  organic  and  inorganic  fossill 
maps  of  the  mineral  structure  of  countries,  ani 
finally,  the  discoveries  concerning  the  superpositiu 
of  strata,  the  constancy  of  their  organic  content! 
r  correspondence  in  different  countries,  and  sud 
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great  general  relations  of  the  materials  and  features  of 
the  earth  as  have  been  discovered  up  to  the  present 
time.  Without  attempting  to  assign  to  each  im- 
portant advance  its  author,  I  shall  briefly  exemplify 
each  of  the  modes  of  contributing  to  descriptive 
geology  which  I  have  just  enumerated. 

The  study  of  organic  fossils  was  first  pursued  with 
connexion  and  system  in  Italy.  The  hills  which  on 
each  side  skirt  the  mountain-range  of  the  Apen- 
nines are  singularly  rich  in  marine  remains.  When 
these  drew  attention,  they  soon  gave  rise  to  contro- 
versies, whether  they  really  were  the  remains  of 
living  creatures,  or  the  productions  of  some  capri- 
cious or  mysterious  power  by  ■n'hich  the  forms  of 
such  creatures  were  mimicked;  and  again,  if  the 
shells  were  really  the  spoils  of  the  sea,  whether  they 
had  been  carried  to  the  hills  by  the  deluge  of  which 
the  Scripture  speaks,  or  whether  they  indicated  revo- 
lutions of  the  earth  of  a  different  kind.  The  earlier 
works  which  contain  the  descriptions  of  the  pheno- 
mena have,  in  almost  all  instances,  by  far  the  greater 
part  of  their  pages  occupied  with  these  speculations ; 
indeed,  the  facts  could  not  be  studied  without  lead- 
ing to  such  inferences,  and  would  not  have  been  col- 
lected but  for  the  interest  which  such  reasonings 
possessed.  As  one  of  the  first  persons  who  appUed 
&  sound  and  vigorous  intellect  to  these  subjects,  we 
way  notice  the  celebrated  painter  Leonardo  da  Vinci, 
whom  we  have  already  had  to  refer  to  as  one  of  the 
founders  of  the  modem  mechanical  sciences.  He 
vtreouously  asserts  the  contents  of  the  rocks  to  be 
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real  i-hells,  and  maintainH  the  reality  of  the  ohi 
of  the  domain  of  knd  and  sea  which  these  spoils  4 
the  ocean  imply.     "  You  will   tell  me," 
"that  uature  and  the  influence  of  the  stars  hai^ 
formed  these  shelly  forms  in  the  mountains ;  thai 
show  me  a  place  in  the  mountains  where  the  stars  i 
the  present  day  make  shelly  forma  of  different  hgt 
and  of  different  species  in  the  same  place, 
how,  with  that,  will  you  explain  the  gravel  which  ) 
hardened  in  stages  at  different  heights  in  the  mou] 
tains."     He  then  mentions  several  other  particulai 
respecting  these  evidences  that  the  existing  mou] 
taing  were  formerly  the  hed  of  the  sea.     Leonardd 
died  in  1510.     At  present,  we  refer  to  such  worka 
only  so  far  as  they  are  descriptive.     Going  onwards 
with  this  view,  we  may  notice  Fracastoro,  who  WT0t« 
concerning  the  petrifactions  which  wore  brought  ) 
light  in  the  mountains  of  Verona,  when,  in  1513) 
they  were  excavated  for  the  purpose    of  repdrinj 
the  city.     Little  was  done  in  the  way  of  collectioi 
of  facts  for  some  time  after  this.     In  1 6Gd,  Steno*  ^ 
Dane  resident  in  Italy,  put  forth  his  treatise,  . 
Solido  intra  Solidum  naluraliier  conienlo ;    and  1 
following  year,  Augustino  Scillo,  a  Sicilian  ' 
pubUshed  a  Latin    epistle,  De  Corporidus  Mart 
LapiJescetUilus,  illustrated    by   good  engravings 
ibasil-shells,  teeth,  and    corals.     After  another  life 
terval    of    speculative    controversy,    wo    come 
Antonio  Vallisneri,  whose  letters,  De'  Corpi  Marini 
eke  su'  Monti  si  trotano,  appeared  at  Venice  in  1721|| 
lu  these  letters  he  describes  the  ibsails  of  M 


^rolea,  and 
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blea,  and  attempts  to  trace  the  extent  of  the 
marine  deposits  of  Italy',  and  to  distinguish  the 
m08t  important  of  the  fossils.  Similar  descriptions 
and  figures  were  published  witli  reference  to  our 
own  country  at  a  later  period.  In  1766,  Brander's 
J^ossilin  Hanlonimsiti,  or  Hampshire  Fossils,  appeared ; 
containing  excellent  figures  of  fossil  shells  from  the 
iouth  coast  of  England ;  and  Bimllar  works  came 
forth  in  other  parts  of  Europe. 

However  exact  might  be  the  descriptions  and 
figures  thus  produced,  they  could  not  give  such  com- 
plete information  as  the  objects  themselves,  collected 
and  permanently  preserved  in  museums.  Vallisneri 
says',  that  having  begun  to  collect  fossils  for  the 
pur})Ose  of  forming  a  grotto,  he  selected  the  best, 
and  preserved  them  "  as  a  noble  diversion  for  tho 
more  curious."  The  museum  of  Calceolarias  at 
Verona  contained  a  celebrated  collection  of  such 
remains.  A  copious  description  of  it  appeared  in 
1622.  Such  collections  had  been  made  from  an 
earlier  period,  and  catalogues  of  them  published. 
Thus  Gessner's  work,  De  Ilerum  Fossilium,  Lapidtim 
et  Gemmarum  Figuris,  (1565,)  contains  a  catalogue 
of  tho  cabinet  of  petrifactions  collected  by  John 
Keotman;  many  catalogues  of  the  P.ime  kind  ap- 
paarcd  in  the  seventeenth  century'.  Lhwj-d's  ZtVAo- 
^ylacii  Britannici  Icanograpkia,  published  at  Oxford 
in  1669,  and  exhibiting  a  ver)'  ample  catalogue  of 


'  Pftrlciusoii,  Organic  Acmaini,  vol.  i.  p.  > 
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English  fossiU  contained  in  the  Ashmolean  Museiu 
may  be  noticed  as  one  of  these. 

One  of  the  most  remarkable  occurrences  in  th« 
progress  of  descriptive  geology  in  England,  was  tlu 
formation    of    a  geological    museum    by    Willi 
Woodward    as    early  as    1695.      This    collectioiv 
formed  with  great  labour,  systematically  arrangedjl 
and  carefully  catalogued,  he  bequeathed  to  the  Unt 
Tersity  of  Cambridge;  founding  and   endowing  i 
the  same  time  a  professorship  of  the  study  of  j 
logy.     The  Woodwardian  Museum  still  subsists,  i 
monument  of  the  sagacity  with  which  its  author  s 
early  saw  the  importance  of  such  a  collection. 

Collections  and  descriptions  of  fossils,  inclndim 
in  the  term  specimens  of  minerals  of  all  kinds,  a 
well  as  organic  remains,  were  frequently  made,  an< 
especially  where  mining  was  cultivated  ;  hut  unclei 
such  circumstances,  they  scarcely  tended  at  all  1 
that  general  and  complete  knowledge  of  the  eartl 
of  which  we  are  now  tracing  the  progress. 

In  more  modern  times,  collections  may  be  eaid  U 
be  the  most  important  books  of  the  geologist,  a 
least  next  to  the  strata  themselves.  The  identifica 
tions  and  arrangements  of  our  best  geologists,  tin 
immense  studies  of  fossil  anatomy  by  Cuvier  i 
others,  have  been  conducted  mainly  by  means  < 
collections  of  specimens.  They  are  more  importAi^ 
in  this  study  than  in  botany,  Iwcauso  specimeni 
which  contain  important  geological  information  an 
both  more  rare  and  more  permanent.  Plants 
li  each  individual  is  perishable,  perpetuate  and 


ise  their  kind;  wLile  the  organic  impression  on 

■Btone,  if  lost,  may  never  occur  in  a  second  in- 

tnoo  ;  but,  on  the  other  liand,  if  it  be  preserved  in 

the  mnseum,  the  individual  is  almost  as  permanent 

in  this  case,  as  the  speeies  in  the  other. 

^B  I  shall  proceed  to  notice  another  mode  in  which 

^^■idi  information  was  conveyed. 


TJSect.  3. — First  Comtrudion  of  Geological  Maps. 


.  Lister,  a  learned  physician,  sent  to  the  Royal 
Society,  in  1683,  a  pro]>09al  for  maps  of  soils  or 
minerals;  in  which  he  suggested  that  in  the  map  of 
England,  for  example,  each  soil  and  its  boundaries 
might  be  distinguished  by  colour,  or  in  some  other 
v&y.  Such  a  mode  of  expressing  and  connecting 
our  knowledge  of  the  materials  flf  the  earth,  was, 
perhaps,  obvious,  when  the  mass  of  knowledge  be- 
came considerable.  In  1720,  Fontenelle,  in  bis 
observations  on  a  paper  of  De  Bennmur's,  which 
contained  an  account  of  a  deposit  of  fossiUshells  in 
Touraine,  says,  that  in  order  to  reason  on  such  cases, 
"  we  must  have  a  kind  of  geographical  charts,  con- 
structed according  to  the  collections  of  shells  found 
I. the  earth."  But,  as  he  justly  addi^,  "  What  a  quan- 

•  of  observations,  and  what  time,    would  it  not 

(uirc  to  form  such  maps  I" 

execution    of    such    ]»rojeets    required,    not 

rely  great  labour,  but  several  steps  in  geiieralisa- 
and  classification,  before  it  could  take  place. 

1  such  attempts  More  made.     In  1743,  was  pul)- 
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lished,  "A  new  PhiloBophico-chorograpbical  Chart  of 
East  Kent,  invented  and  delineated  by  Christopher 
Packe,  M.D. ;"  in  which,  liowever,  the  main  object  is 
rather  to  expreas  the  course  of  tlie  valleys  than  t 
materials  of  the  country.     Guettard  formed  the  pre 
ject  of  a  mineralogical  map  of  France,  and  Monnertj 
carried  this  scheme  into  effect  in  1780',  "  by  ore 
of  the  king."      In  these  maps,  however,  the  couuti 
is  not  considered  as  divided  into  soils,  still  less  strati 
but  each  part    is    marked    with    its    prcdominai 
mineral  only.     The   spirit  of  generalisation  whid 
constitutes   the    main    value    of    such  a   work 
wanting'. 

Geological  maps  belong  strictly  to  descriptive 
geology  ;  they  are  free  from  those  wide  and  doubtful 
speculations  which  form  bo  large  a  portion  of  thi 
earlier  geological  books.  Yet  even  geological  mapl 
cannot  be  usefully  or  consistently  constructed  vitb 
out  considerable  steps  of  classification  and  gcnen 
lisation.  When,  in  our  own  time,  , 
become  weary  of  controversies  respecting  theoij 
they  applied  themselves  with  extraordinary  zeal  I 
the  construction  of  stratigraphical  maps  of  various 
countries ;  flattering  themselves  that  in  this  way 
they  were  merely  recording  incontestable  fects  and 
differences.  Nor  do  I  mean  to  intimate  that  their 
facts  were  doubtful,  or  their  distinctions  arbitrary. 
But  still  they  were  facts  interpreted,  associated,  aii« 

'  Atlas  et  Descriptioa  Mineralogique  de  la  France,  entrcpn*  1 
par  ordre  du  Hoi ;  par  MM.  Guettard  et  Jloimet,  ParU,  1780, 
pp.  212,  with  31  maps. 
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represented,  by  means  of  the  classifications  and 
general  laws  which  earlier  geologists  had  established ; 
and  thus  even  descriptive  geology  has  been  brought 
into  existence  as  a  science  by  the  formation  of 
systems  and  the  discovery  of  principles.  At  this 
we  cannot  be  surprised,  when  we  recollect  the 
many  steps  which  the  formation  of  classificatory 
botany  required.  We  must  now  notice  some  of  the 
principal  discoveries  which  tended  to  the  formation 
of  Systematic  Descriptive  Geology. 


^"BL% 


I 


—Discovery  of  lAe  Order  and  Stratification 
tlie  Materials  oftAe  Earth. 

That  the  substances  of  which  the  earth  is  frame 
are  not  Bcattercd  and  mixed  at  random,  hut  ]>oss 
identity  and  continuity  to  a   considerable    exten 
Lister  was  aware,  when  he  proposed  his  map. 
there  is,  in  his  suggestions,  nothing  relating  to  9tr 
tifieation;    nor  any  order  of  position,  still  less  ) 
time,  assigned  to  these  materials.     Woodward,  hon 
ever,  appears  to  have  been  fully  aware  of  the  generl 
law  of  stratification.     On  collecting  infurmntion  fro 
all  parts,  "the  result  was,"  he  says,  "that  in  time 
was  abundantly  assured  that  the  circumstances  < 
these  things  in  remoter  countries  were  much  tl 
same  with  those  of  ours  here ;  that  the  stone,  ad 
other  terrestrial  matter,  in  France,  Flanders,  Ho 
land,  Spain,  Italy.  Germany,  Denmark,  and  Swedei 
was  distinguished  into  strata  or  layers,  as  it  is  J 
England ;  that  these  strata  were  divided  by  paraUi 
fissures ;  that  there  were  enclosed  in  the  stone  a 
all  the  other  denser  kinds  of  terrestrial  matter,  | 
numbers  of  the  shells,  aad  other  productions  of  1 
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,  in  the  same  manner  as  in  that  of  this  island '." 
So  important  a  truth,  thus  collected  from  a  copious 
collection  of  particulars  by  a  patient  induction,  was 
an  important  step  in  the  science. 

These  general  facts  now  began  to  he  commonly 
recognised,  and  followed  into  detail.  Stukeley  the 
antiquary'  (1724),  remarked  an  important  feature  in 
the  strata  of  England,  that  tlieir  escarpt/ierits,  or 
steepest  sides,  are  turned  towards  the  west  and 
north-west;  and  Strachey'  (1719),  gave  a  strati- 
graphical  description  of  certain  coal-mines  near  Bath*. 
Michell,  appointed  Woodwardian  Professor  at  Cam- 
bridge in  17C2,  described  this  stratified  structure  of 
the  earth  far  more  distinctly  than  his  predecessors, 
and  pointed  out,  as  the  consequence  of  it,  that  "  the 
same  kinds  of  eartha,  stones,  and  minerals,  will 
appear  at  the  surface  of  the  earth  in  long  parallel 
Blips,  parallel  to  the  long  ridges  of  mountains;  and 
so,  in  fact,  we  find  themV 

Michell  (as  appeared  by  papers  of  his  which  were 
examined  after  his  death)  had  made  himself  ac- 
quainted with  the  series  of  English  strata  whicli  thus 
occur  from  Cambridge  to  York; — that  is,  from  the 
chalk  to  the  coal.  These  relations  of  position  re- 
quired that  geological  mai)s,  to  complete  the  infor- 
mation they  conveyed,  should  be  accompanied  by 
geological  Sections,  or  imaginary  representations  of 

'  Natural  History  of  the  Earth,  1723. 

'  Itinerarium  Curiosum,  1 724. 

'  Phil.  Trail.  1719,  and  Observations  on  Strata,  &c.  1729. 

kFitlon,  Aanala  of  PLilosopliy,  N.  8.  toI.  i.  and  ii.  (1832, 3), 

157.  '  ThU.  Tmn.  1700. 
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the  order  and  mode  of  BupcrpoaitifMiii,  aa  well  u  i 
the  superficial  extent  of  the  strata,  ns  in  more  recei 
times  has  usually  been  done.  The  t^trata,  as  ' 
travel  from  the  higher  to  the  lower,  come  from  undi 
each  other  into  %'iew ;  and  this  outcropping,  bastetin 
or  by  M-hatever  other  term  it  is  described,  ie  an  u 
portant  feature  in  their  description. 

These  relations  of  position  were  noticed  to  1 
combined  with  other  important  facts,  which  i 
tibly  suggested   the   notion  of  a   relation  in 
This,  indeed,  was  implied  in  all  theories  of  the  earth: 
but  observations  of  the  fiicts  most  require  our  notice 
Steno  is  asserted  by  Humboldf  to  be  the  first  vU 
(in  1669)  distinguished  between  rocks  anterior  1 
the  existence  of  plants  and  animals  upon  the  globi 
containing  therefore  no  organic  remains ;  and  rocb 
Buperimposed   on  these,  and  full  of  such 
(turbidi  maris  sedimenta  sibi  in%'ircm  imposits). 

Rouelle  is  stated,  by  his  pnpil  Desmarest,  to  haT« 
mode  some  additional  and  imjiortant  observations 
"  He  saw,"  it  is  said,  "  that  the  shells  which  occur  ill 
rocks  were  not  the  eamo  in  at!  countries ;  that  CCT- 
tain  species  occur  together,  while  others  do  not  occm 
in  the  same  beds ;  that  tliero  is  a  constant  order  in 
the  arrangement  of  these  shells,  certain  spocjeS 
lying  in  distinct  Imnds'." 

Snch  divisions  as  these  required  to  bo  matked 
by  technical  names.     A  distinction  was  made  o{ 

'  Ewai  Geognostique. 

^  EacycL  Method,  Geogr.  Vhye.  torn.  i.  p.  4\6,  as  i^^uoted  hy 
FitloD,  p.  159. 


cieivte  and  fa  ■nouvi.'Ue  te-rre,  to  whicli  Rouello 
ted  a  tmvailk  into-mcdiaire.  Kuuelle  died  in 
,  having  been  known  by  lectures,  not  by  books. 
iekmai),  in  175G,  claims  for  himself  the  credit  of 
bein^  the  first  to  observe  and  describe  correctly  the 
structure  of  stratified  countries;  being  ignorant, 
probably,  of  the  labours  of  Strachey  in  England. 
-Ho  divided  mountains  into  three  claases' ;  pHmitive, 

Rich  were  formed  with  the  world; — those  which 
nited  from  a  partial  destrnction  of  the  primitive 
ks; — and  a  third  class   resulting  from  local  or 
universal  delnges.     In  1759,  also,  Arduino*,  in  his 
^Memoirs  on  the  mountains  of  Padua,  Vicenza.  and 
^^■pvona,   deduced,   from  original   observations,   the 
^Hptinction  of  rocks    into  primary,  secondary,  and 
tertiary. 

The  relations  of  position  and  fossils  were,  from 
this  period,  inseparably  connected  with  opinions 
concerning sueoession  in  time.  Odoardi  remarked", 
thftt  tlie  strata  of  the  Subapennine  hills  are  nncon- 
formahle  to  those  of  the  Apennine,  (as  Strachey  had 
observed,  that  the  strata  above  the  coal  were  uncon- 
formable to  the  coal";)  and  his  work  contained  a 
clear  argument  respecting  the  different  ages  of  these 
I  classes  of  hills.  Fuchsel  was,  in  1762,  aware 
the  distinctness  of  strata  of  different  ages  in  Ger- 
tay.  Pallas  and  Saussure  followed  general  views 
he  same  kind  in  tlietr  observations:  but,  per- 
thc  general  circulation  of  euch  notions  was 
t  due  to  Werner. 

'  LycU,  1.  70.                 '  rb-  72.                 "  lb.  74. 
"  Fitton,  157.  
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Sect.  2. — Systematic  Form  pren  to  Descriptia 
Geology. —  Werner. 

"Werner  expressed  tfie  general  relations  of  the 
strata  of  tbe  eartb  by  means  of  classifications  wliich, 
so  far  as  general  applicability  is  concerned,  arc  ex- 
tremely imperfect  and  arbitrary:  he  promulgated  a 
theory  which  almost  entirely  neglected  all  the  facts 
■which  liad  already  been  discovered  respecting  thft 
grouping  of  fossils, — which  was  founded  upon  ob»«* 
vations  made  in  a  very  limited  district  of  Germany,— 
and  which  was  contradicted  even  by  the  facts  of  (hit 
district.  Yet  the  acuteness  of  his  discrimination  in 
the  subjects  which  he  studied,  the  generality  of  the 
tenets  he  asserted.and  the  charm Mhich  he  threw  about 
his  speculations,  gave  to  geology,  or,  as  be  termed  it, 
geognosy,  a  popularity  and  reputation  which  it  bad 
never  before  possessed.  His  system  asserted  c^rtaia 
universal  formations,  which  followed  each  other  in  ft 
constant  order; — ^granite  the  lowest, — then  mica-slate 
and  clay-slate; — uj)on  these  primitice  rocks,  generally 
highly  inclined,  rest  other  transition  strata; — upoi 
these,  lio  secondary  ones,  which  being  more  nearlj 
horizontal,  are  called  Jiotz  or  flat.  The  term /or 
tion,  wliich  wc  have  thus  introduced,  indicating 
groups  which,  by  evidence  of  all  kinds, — of  theil 
materials,  their  position,  and  their  organic  content* 
I  —are  judged  to  belong  to  the  game  period,  implies  ni 
I  email  amount  of  theory:  yet  this  term,  from  tbi^ 
i  forth,  is  to  bo  looked  upon  as  a  term  of  clas- 


ation  solely,  so  far  as  classification  can  be  sepa- 
rately attended  to. 

Werner's  distinctions  of  strata  were  for  the  most 
part  drawn  from  mineralogical  constitution.  Doubt- 
less, he  could  not  fail  to  perceive  the  great  importance 
of  organic  fossils.  "  I  was  witness,"  says  Humboldt, 
one  of  his  most  philosophical  followers,  "  of  the  lively 
satisfaction  which  he  felt  when,  in  1792,  M.  De 
Schlotheim,  one  of  the  most  distinguished  geologists 
of  the  school  of  Freiberg,  began  to  make  the  relations 
of  fossils  to  strata  the  principal  object  of  his  studies." 
But  Werner  and  the  disciples  of  his  school,  even  the 
moat  enlightened  of  them,  never  employed  the  charac- 
ters derived  from  organic  remains  with  the  same  bold- 
ness and  perseverance  as  those  who  had  from  the  first 
considered  them  as  the  leading  phenomena:  thus 
Humboldt,  in  1823,  says,  "  Are  we  justified  in  con- 
cluding that  all  formations  are  characterised  by  par- 
ticular species?  that  the  fossil-shells  of  the  clialk, 
the  muschelkalk,  the  Jura  limestone,  and  the  Alpine 
limestone,  are  all  different?  I  think  this  would  be 
pushing  the  induction  much  too  lar"."  In  Jame- 
son's "  Geognosy,"  which  may  bo  taken  as  a  repre- 
sentation of  the  Wemerian  doctrines,  organic  fossils 
are  in  no  instance  referred  to  as  characters  of  forma- 
tions or  strata.  After  the  curious  and  important 
evidence,  contained  in  organic  fossils,  which  had 
been  brought  into  view  by  the  labours  of  Italian, 
English,  and  German  writers,  the  promulgation  of  a 


"  GUsemcnt  dea  Itockcs,  p.  41, 
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eyt^m  of  descriptive  geology,  In  wluch  all  this  vn- 
denre  was  uoglected,  cannot  be  considered  otberwiw 
than  as  a  retrograde  flteii  in  science. 

Wenier  maintiiiiied  tlio  aqueous  deposition  of  »1] 
strata  above  the  primitive  rooks ;  even  of  those  trap 
rocks,  to  which,  from  their  reBcniblance  to  Ian.  uid 
'  other  phenomena,  Raspe,  Arduino,  and  others  hod 
I  mlready  assigned  a  volcanic  origin.  Tlie  fierce  and  long 
controversy  between  tho    Vulcamsts  and  NeptunisU, 
■which  this  dogma  excited,  does  not  belong  to  this 
part  of  our  history;  but  the  discovery  of  reins  of 
[  granite  penetrating    the   superincumbent    shite,  to 
I  which  it  led,  waa  an  im])ortaut  event  in  descriptive 
geology,     Hutton,  the  author  of  the  theory  of  igneous 
causation  which  was  in  this  country  opposed  to  that 
of  Werner,  sought  an<l  ft'und  this  phenomenon  in 
the  Grampian  hills,  in  1785.     This  supposed  veri- 
fication of  his  system  "filled  him  with  deh'ght,  and 
called  forth  such  marks  of  joy  and  exultation,  that 
the  guides  who  accompanied  him  were  persuaded, 
Bays  his  biographer",  that  he  must  have  discovered  a 
I  vein  of  silver  or  gold  "." 

Desmorest's  examination  of  Auvergno  {1768), 
showed  that  there  was  there  an  instance  of  « 
country  which  could  not  be  described  without 
terms  implying  that  tho  basalt,  which  covered  BO 
r  large  a  portion  of  it,  had  flowed  from  tlie  craters  of 
|«xtinct  volcanoes.  His  map  of  Auvergne  was  an 
otcellent  example  of  such  a  survey,  czccutod  in  a 


'  Piajfoirs  IVorkj,  rol.  )<-.  p.  76. 
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ease  quite  diflferent  from  those  of  common  stratified 
countries". 

The  facts  connected  with  metalliferous  veins  arc 
valuable  to  the  geologist  as  well  as  to  the  miner, 
although  even  vet  much  difficulty  attends  all  at- 
tempts to  theorize  concerning  them.  The  facts  of 
this  nature  have  been  collected  ju  great  abundance 
in  all  mining  districts ;  and  form  a  prominent  part 
of  the  ilescriptivo  geology  of  such  lUstricts ;  as,  for 
example,  the  Hartz,  and  Cornwall. 

Without  further  pursuing  the  history  of  the  know- 
ledge of  the  inorganic  phenomena  of  the  earth,  I 

^^um  to  a  still  riclier  department  of  geology,  which 

^^Bftoncemed  with  organic  fossils. 


mSect.  3. — Applkaiion  of  Organic  Ilemahis  as  a 
Geological  Character. — Smith. 


RouELLE  aud  Odoardi  had  i)crceived,  as  we  have 
Been,  that  fossils  were  grouped  in  bands :  but  from 
this  general  observation  to  the  execution  of  a  survey 
of  a  large  kingdom,  founded  upon  this  principle, 
would  have  been  a  vast  stride,  even  if  the  author  of 
it  had  been  aware  of  the  doctrines  thus  asserted  by 
those  writers.  In  fact,  however,  William  Smith 
executed  such  a  survey  of  England,  with  no  other 
guide  or  lielp  than  his  own  sagacity  and  persever- 
ance, lu  his  employments  as  a  civil  engineer,  he 
noticed  the  remarkable  continuity  and  constant 
order  of  the  strata  in  the  neighbourhood  of  Bath,  as 
discriminated  by  their  fossils;  and  about  the  year 
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1793.  he  '  <l£<»  ^  a  Tabafar  View  of  die  scan  cf 
^i«^  dSstms.  wLx^  c«na£Defl  the  renn  of  ki§  fab- 


mm^fULUi  £siprjrv*vie>w  Fmdiiir  in  the  north  <^  Eb^ 
}axA  the  KDDe  <cmD&  and  as&ceiatkms  of  ftna 
vhh  viu«^  be  bad  lpE«^-me  arquinted  in  the  viesL 
he  v^ft^  kd  :o  cAzne  them  and  to  represent  them  bj 
mean^  of  maxf^  areordinz  to  their  oerorrence  over 
the  vhole  hte  of  England.  These  m^i?  ^»peaied*' 
in  1^15:  and  a  work  hj  the  same  author,  entitled 
*^  The  Enzli^h  Strata  identified  br  Organic  Remains.'' 
eame  forth  later.  Bot  the  Tiews  on  which  this 
identification  of  strata  rests,  beloiig'  to  a  considerablT 
earlier  date :  and  had  not  onlj  been  acted  upon,  bat 
freelv  imparted  in  conTersation  manr  rears  befiMe. 

In  the  mean  time  the  stndj  of  fossils  was  porsned 
with  zeal  in  various  coontries.  Lamarck  and  De- 
france  employed  themselves  in  determining  the  fossil- 
shells  of  the  neighbourhood  of  Paris";  and  the  in- 
terest inspired  by  this  subject  was  strongly  nourished 
and  stimulated  by  the  memorable  work  of  Cuvier 
and  Brogniart,  **0n  the  Environs  of  Paris,"  pub- 
lished in  1 81 1,  and  by  Cuvier's  subsequent  researches 
on  the  subjects  thus  brought  under  notice.  For  now, 
not  only  the  successive  definition  and  arrangement, 
but  many  other  relations  among  fossil  strata,  irresisti- 
bly arrested  the  attention  of  the  philosopher.  Bro- 
gniart**    showed    that  very  striking    resemblances 

'•  Fitton,  p.  148. 

'^  Brit  Asao.  1832.     Conyl>eare,  p.  373. 

"  Humboldt,  Gin.  d.  R.  p.  35. 

'•  Hist.  Nat,  d^  Qrostacfs  Fojwlet,  p.  67,  62. 
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occurred  in  their  fossil  remains,  between  certain 
strata  of  Europe  and  of  North  America ;  and  proved 
that  a  rock  may  be  so  much  disguised,  that  the 
identity  of  the  stratum  can  only  be  recognised  by 
geological  characters". 

The  Italian  geologists  had  found  in  their  moun- 
tains, for  the  most  part,  the  same  s])ecie8  of  shells 
which  existed  in  their  seas;  but  the  German  and 
English  writers,  as  Gesner",  Raspe",  and  Brander", 
had  perceived  that  the  fossil-shells  were  either  of 
unkjiown  species,  or  of  such  as  lived  in  distant  lati- 
tudes. To  decide  that  the  animals  and  plants,  of 
which  we  find  the  remains  in  a  fossil  state,  were 
of  species  now  extinct,  obviously  required  an  exact 
and  extensive  knowledge  of  natural  history.  And 
if  this  were  so,  to  assign  the  relations  of  the  past 
to  the  existing  tribes  of  beinge,  and  the  peculiarities 
of  their  vital  processes  and  habits,  were  tasks  which 
could  not  be  performed  without  the  most  consum- 
mate physiological  skill  and  talent.  Such  tasks, 
however,  have  been  the  familiar  employments  of 
geologists,  and  naturalists  incited  and  appealed  to 
by  geologists,  ever  since  Cuvier  published  his  exa- 
mination of  the  fossil  inhabitants  of  the  Paris  basin. 
Without  attempting  a  history  of  such  labours,  I  may 
notice  a  few  circumstances  connected  with  them. 

"  Humbaldt  Giss,  d.  R.  p.  45. 
"  I.yell,  i.  70.  "  II)-  74.  "  lb.  '. 
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Sect.  4. — Adtances  in  Pal<toniolo^.- 

So  long  OS  the  organic  foa:^i1s  wliicU  were  fbond  il 
the  strata  of  the  earth  were  marine  animals,  it  w« 
very  difficult  for  geologists  to  be  assured,  that 
wero  such  as  did  not  exist  in  any  part  or  cliine  t 
the  existing  ocean.  But  when  large  land  and  rivi 
aaimals  were  discovered,  different  from  any  know 
species,  the  persuasion  that  thojr  were  of  extiiui 
races  was  forced  upon  the  naturalist.  Yet  tin 
opinion  was  not  taken  up  slightly,  nor  acquiesced  ii 
without  many  struggles. 

Bones  which  had  been  supposed  to  belong  to  fosai 
elephants,   were  some  of  the  first  with  regard  ta 
which  this  conclusion  was  established.      Such  ifr 
mains  occur  in  vast  numbers  iu  the  soil  and  grUTfl 
of  almost  every  part  of  the  world ;    especially  il 
Siberia,  where    they  are  called  the    bones  of  tb 
mammot/i.     They  had  been  noticed  by  the  ancienti 
as  we  leani  from  Pliny";  and  had  been  ascribed  t 
himian  giants,  to  elephants  imported  by  the  Romany 
and  to  many  other  origins.     But  in  1796,  Cuvie^ 
had  examined  these  opinions  with  a  mure  profouni 
knowledge  than  his  predecessors ;  and  he  thus  stat< 
the  result  of  his  researches".      "  With  regard  I 
what  have  been  called  the  fossil  remains  of  elephant 
from  TentzeUus  to  Pallas,  I  believe  that  I  am  in 
condition  to   prove,  that  they  belong  to  aui: 

"  Hist  Nat  lib.  xxxvi.  Ifl. 

"  Mem.  last,  MutL.  et  PJiyg.  torn,  ii.  p.  4. 
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which  were  very  clearly  specifically  different  from 
our  exiating  elephants,  although  they  resembled 
them  sufficiently  to  be  considered  as  belonging  to 
the  same  genera."  He  had  founded  this  conclusion 
principally  on  the  etnicture  of  the  teeth,  which  he 
found  to  differ  in  the  Asiatic  and  African  elephant; 
while,  in  the  fossil  animal,  it  was  different  from 
botli.  But  he  also  reasoned  in  part  on  the  form  of 
the  skuli.  of  which  the  best-kno\vn  example  had  been 
described  in  the  Philosophical  Transactions  as  early 
as  1737".  "  As  soon,"  says  Cuvier"  at  a  later 
period,  "  as  I  became  acquainted  with  Slesser- 
aehmidt'e  drawing,  and  joined  to  the  differences  which 
it  presented,  those  which  I  had  myself  observed  in 
the  inferior  jaw  and  the  molar  teeth,  I  no  longer 
doubted  that  tlie  fossil  elephants  were  of  a  species 
different  from  the  Indian  elephant.  This  idea, 
which  I  announced  to  the  Institute  in  the  month  of 
January.  1796,  opened  to  me  views  entirely  new 
respecting  the  theory  of  the  earth ;  and  determined 
me  to  devote  myself  to  the  long  researches  and  to 
the  assiduous  labours  which  have  now  occupied  me 
for  twenty-five  years." 

We  have  here,  then,  the  starting-point  of  those 
researches  concerning  extinct  animals,  which,  over 
since  that  time,  have  attracted  so  largo  a  share  of 
notice  from  geologists  and  from  the  world.     Cuvier 

td  hardly  have  anticipated  the  vast  storehouse  of 


Described  by  Breyne  from  a  specimen  foimij  in  Siberia  by 
inwhmidt  in  1722.     Phi!.  Tr.  xl.  44lJ. 
Ommeqcds  FoMiles,  second  edit.  i.  17tt- 
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materials  which  lay  uader  his  feet,  r€?ady  to  suj 
him  occupation  of  the  most  intense  interest  in 
career  on  which  he  ha<l  thus  entered.  The 
nation  of  the  strata  on  which  Paris  stands,  and 
which  its  buildings  consist,  suppUed  biin  with  ai 
mals,  not  only  different  from  existing  ones,  but  soi 
of  tliem  of  great  size  and  curious  peculiarities.  A  csi 
ful  examination  of  the  remains  which  these  s\ 
contain  was  undertaken  soon  after  the  period  \vc  hai 
referred  to.  In  1802,  Defrance  liad  collected  sever 
hundreds  of  undescribed  species  of  shells  ;  and  li 
marck"  began  a  series  of  Memoirs  upon  then 
remodelling  the  whole  of  conchology,  in  order 
they  might  be  included  in  its  classifications.  An 
two  years  afterwards  (1804)  appears  the  first  G 
Cuvier's  grand  scries  of  Memoirs  containing  thi 
restoration  of  the  vertebrate  animals  of  these  strati 
In  this  vast  natural  museum,  and  in  contribution 
from  other  parts  of  the  glohe.  he  discovered  the  mo 
extraordinary  creatures : — the  palspothcrium",  wUi< 
is  intermediate  between  the  horse  and  the  pig;  t\ 
anoplotherium,  which  stands  nearest  to  the  rhiuocer 
and  the  tapir;  the  megalonix  and  megatheriui 
animals  of  the  sloth  tribe,  but  of  the  size  of  the  w 
and  the  rhinoceros.  The  Memoirs  which  contained 
these  and  many  other  discoveries,  set  the  naturalist 
to  work  in  everj'  part  of  Europe. 

Another  very  curious  class  of  animals  was  brot^h^ 
to  light  by  the  geologists  of  England  principalljj 

"  Aniiiiles  du  Bluseum  d'Hist.  Nat.  torn.  1.  y.  a08,  and  Uii 
fallowing  volumes.  "  Uuubuissoii,  ii,  411. 
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animals  of  which  the  bones,  found  in  the  lias  stratum, 
were  at  first  supposed  to  be  those  of  crocodiles.  But 
in  1816'°,  Sir  Everard  Home  says,  "  In  truth,  on  a  con- 
sideration of  this  skeleton,  we  cannot  but  be  inclined 
to  believe,  that  among  the  animals  destroyed  by  the 
cataetrophes  of  remote  antiquity,  there  had  been 
some  at  least  that  differ  so  entirely  in  their  structure 
from  any  which  now  exist  as  to  make  it  impossible 
to  arrange  their  fossil  remains  with  any  known  class 
of  animals."  The  animal  thus  referred  to  being 
clearly  intermediate  between  fishes  and  lizards,  was 
named  by  Mr.  Konig,  Ichthyosaurus ;  and  its  struc- 
ture and  constitution  were  more  precisely  determined 
by  Mr.  Conybeare  in  1821,  when  he  had  occasion  to 
compare  with  it  another  extinct  animal  of  which  he 
and  Mr.  De  la  Beche  had  collected  the  remains. 
This  animal,  still  more  nearly  approaching  the  Uzard 
tribe,  was  by  Mr.  Conybeare  called  Pksiosaurus". 
Of  each  of  these  two  genera  several  species  were 
afterwards  found. 

Before  this  time,  the  differences  of  the  races  of 
lals  and  plants  belonging  to  the  past  and  the 
present  periods  of  the  earth's  history,  had  become 
a  leading  subject  of  speculation  among  geological 
naturalists.  The  science  produced  by  this  study  of 
the  natural  history  of  former  states  of  the  earth  has 
been  termed  P(d<pontoloyy ;  and  there  is  no  branch 
of  human  knowledge  more  fitted  to  stir  men's  wonder, 
or  to  excite  them  to  the  widest  physiological  specu- 


after< 

||b£€ 


'  Phil.  Tr.  ISIO,  p.20. 


Ueol.  Trans,  vol,  i 


514 


HISTOBY  OF  GKOLOaT. 


lations.     But  in  the  present  part  of  our  history  i 
science  requires  our  notice,  only  so  far  as  it  lums  at " 
the  restoration  of  the  types  of  ancient  animals,  on 
clear  and  undoubted  principles  of  corajmrative  anfc 
tomy.     To  show  how  extensive  and  how  conclusil 
is  the  science  when  thus  directed,  wc  need  only  reft 
to  Cuvier's  Osseniens  Fossiles" ;  a  work  of  vast  lab< 
and  profound  knowledge,  whicli  has  opened  wide  tb 
doors  of  this  part  of  geology.     I  do  not  here  attemp 
even  to  mention    tlie    labours  of  th<?  many  othe 
eminent  contributors  to  Pals^ontnlogy ;  as  Broccli 
Dea  Hayes,  Sowerby,  Goldfuss,  Agaesiz,  who  b&« 
employed  themselves  on  animals,  and  Scblottheil 
Brongniart,  Hutton,  Lindley.  on  plants. 

When  it  had  thus  been  established,  that  the  stn 
of  tlie  earth  are  characterized  by  innumerable  i 
mains  of  the  organised  beings  which  formerly  inli 
bited  it,  and  that  anatomical  and  physiological  CO 
eiderations  must  be  carefully  and  skilfiilly  applifl 
in  order  rightly  to  interpret  these  characters, 
geologist  and  the  pala-ontologist  obviously  '. 
brought  before  them,  many  very  wide  and  Btrikti 
questions.  Of  these  we  may  give  some  instanct 
but,  in  the  first  place,  we  may  add  a  few  words  ce 
earning  those  eminent  philosophers  to  whom  t 
science  owed  the  basis  on  which  succeeding  speed 
tiona  were  to  be  built. 

"  The  first  cditiou  appeared  in  I8I2,  consiBting  prindj 

of  the  Alemoirs  to  nhicL  rL'i'crence  has  ahreadj'  been  niade. 


ct.  6. — InteUednal  Characters  of  the  Founders  of 
Systematic  Descriptive  Geohgi/. 

'otild  be  in  accordance  with  the  couree  wo  hare 
parBued  in  treating  of  other  subjects,  that  we  ehouid 
attempt  to  point  out,  in  the  founders  of  the  science 
now  under  consideration,  those  intellectual  qualities 
and  habits  to  which  we  ascribe  their  success.  The 
very  recent  date  of  the  generalisations  of  geology, 
which  has  hardly  allowed  us  time  to  distinguish  the 
calm  expression  of  the  opinion  of  the  wisest  judges, 
might,  in  this  instance,  reUeve  us  from  such  a  duty ; 
but  since  our  plan  appears  to  suggest  it,  we  will,  at 
least,  endeavour  to  mark  the  characters  of  the 
founders  of  geology,  by  a  few  of  their  prominent 
linea. 

Tlie  three  persons  who  must  be  looked  upon  as 
the  main  authors  of  geological  classification  are, 
Werner,  Smith,  and  Cuvier.  These  three  men 
were  of  very  different  mental  constitution ;  and  it 
will,  perhaps,  not  be  difficult  to  compare  them,  in 
reference  to  those  qualities  which  we  have  all 
along  represented  as  the  main  elements  of  the  dis- 
coverer's genius,  clearness  of  ideas,  the  possession  of 
numerous  facts,  and  the  power  of  bringing  these 
,.into  contact. 

rln  the  German,  considering  him  as  a  geologist,  the 
1  element  predominated.  That  Werner's  powers 
of  external  discrimination  were  extremely  acute,  we 
have  seen  in  speaking  of  him  as  a  mineralogist; 
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and  bU  talent  aud  teDdme^r  for 
bu  mincralogical  Ktodics.  ftilly  fed  \j  am 
store  (if  obsen-atioii ;  but  vben  be  eaae  to  tfftj 
this  motbudizin;;;  jtower  to  e^<il<)ET*  *^  ^"^  ^^ 
Hjst«iu,  «o  ffMtered,  appears  to  hsTe  been  too  «tnaf 
for  tbe  collvetion  of  facts  he  had  to  deal  ■mith.  As 
wo  have  nepxi,  be  itmmulgated,  u  TCptotemtiBg  At 
world,  a  M^bemc  coHocted  from  a  proTinee^  aad  em 
too  hastily  gathered  from  tliat  narrow  field.  Td 
his  iDten^ic  spirit  of  method  in  some  loeware-  ea» 
pcnHaletl  tor  <'!liur  iluficiciidea,  and  enabled  him  to 
give  tho  cbanit-ler  oi'  a  science  to  what  had  beta 
before  a  collection  of  miscelianeoDs  phenomena.  Hie 
ardour  of  HyHtem-making  produecH  a  sort  of  fbwMV 
which,  however  Muperficial,  served  to  bind  togetber 
the  mass  of  iiieolieront  and  mixed  materials,  audlluu 
to  form,  though  by  strange  and  anomalous 
•tructure  of  no  small  strength  and  durabiljtr. 

Of  a   very  difibrent    temper  and    character 
William    .Smith.       No    literary   cultivation    of 
youth  awoke  in  him  the  speculative  iove  of 
metry  and    system ;    but  a  singular  cleamcfis 
precision  of  the  classifying  power,  which    he 
sessed  as  u  native  talent,  was  exercised  aud  develc 
by  exactly  tliosc  geological  facts  among  which 
jihilosophical  task  lay.     Some  of  the  advances  whi 
he  made,  Imd,  as  we  have  seen,  been  at  least  cntei 
upon  by  otiiers  who  preceded  him:  but  of  all 
he    was    ignorant ;    and,    perliapB,    went   on  ni( 
steadily  and  eagerly  lo  work  out  his  own  Idas, 

i  forauasion  that  they  were  entirely  his  own. 
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a  later  period  of  his  life,  he  himself  deaeribecl  the 
Tiews  which  had  animated  him  in  his  earlier  pro- 
gress. In  this  fu-count"  he  dates  his  attempts  to 
discriminate  and  connect  strata  from  the  year  1790, 
at  which  time  he  was  twenty  years  old.  In  1 792, 
he  "  had  considered  liow  he  could  best  rejiresent  the 
order  of  snper|)08ition — continuity  of  course — and 
general  eastern  declination  of  the  strata."  Soon 
aAcr,  doubts  which  had  arisen  were  removed  by  the 
**  discorery  of  a  mode  of  ideutitying  the  strata  by 
the  organized  fossils  respectively  imbedded  therein." 
And  "  thus  stored  with  ideas,"  as  he  expresses  him- 
eelf,  he  began  to  comnuinicato  tlicm  to  his  friends. 
In  all  thiy,  we  see  great  vividness  of  thought  and 
activity  of  mind,  unfolding  itself  exactly  in  propor- 
tion to  the  facts  with  which  it  had  to  deal.  We 
are  reminded  of  that  cyclopean  architecture  in  which 
each  stone,  as  it  occurs,  is,  with  wonderful  ingenuity, 
and  with  the  least  possible  alteration  of  its  form, 
led  so  as  to  lit  its  ]>lace  in  a  solid  and    lasting 
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Different  yet  again  was  the  character  (as  a  geolo- 
gical discoverer),  of  the  great  naturalist  of  the 
btg^nning  of  the  nineteenth  century.  In  that  part 
of  his  labours  of  which  we  have  now  to  8peak. 
Cuvier's  dominant  ideas  were  rather  physiological  than 
geological.  In  his  views  of  past  ^lyaical  changes, 
he  did  not  seek  to  include  any  ranges  of  facts  which 
lay  much  beyond  the  narrow  field  of  the  Paris  basin. 

It  his  sagacity  in  applying  his  own  great  principle 
'  PbU.  Mug.  1833,  Tol  i.  p.  3«, 
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of  the  conditions  of  existcnco,  gave  him  a  pem&r 
and  nnparalleieil  jiower  in  inteqiretiHg  the  mott 
iini)crfect  fossil  recordH  of  extinct  anatomy-  In  the 
constitution  of  bis  mind,  all  philosophical  endow- 
menta  were  so  admirably  developed  and  disciplined, 
that  it  waa  difficult  to  say,  whether  more  of  hii 
power  was  due  to  genius  or  to  culture.  The  talent 
of  olassifting  which  ho  exercised  in  geology,  was  tlie 
result  of  the  most  complete  knowledge  and  skill  in 
zoology ;  while  his  views  concerning  the  revolutions 
■which  had  taken  place  in  the  organic  and  inotganio 
world,  were  in  no  small  degree  aided  by  an  extn- 
ordinary  command  of  historical  and  other  literatore. 
Hia  guiding  idea^  had  been  formed,  his  facts  had 
been  studied,  by  the  assistance  of  all  the  sciences 
which  could  be  made  to  bear  upon  them.  In  his 
geological  labours  wc  seem  to  eeo  some  heautifiil 
temple,  not  only  firm  and  fair  in  itself,  but  de- 
corated with  sculpture  and  paijiting,  and  rich  in  all 
that  art  and  labour,  memory  and  imagination,  can 
contribute  to  its  beauty. 


set.  1. — Heception  and  Dlff'asion  of  Systematic 
Gedogi/. 

If  our  ni^amess  to  the  time  of  the  discoveries  to 
which  V.-Q  have  just  referred,  embarrasses  us  in 
speaking  of  their  authors,  it  makes  it  still  more 
difficult  to  narrate  the  reception  with  which  these 
discoveries  met.  Yet  here  we  may  notice  a  few 
fiicta  which  may  not  be  without  their  interest. 

The  impression  which  Werner  made  upon  his 
hearers  was  vcrj'  strong ;  and,  as  we  have  already 
said,  disciples  were  gathered  to  his  school  from  every 
country,  and  then  went  forth  into  every  part  of  the 
world,  animated  by  the  views  which  they  had 
caught  from  him.  We  may  say  of  him,  as  has  been 
BO  wisely  said  of  a  philosopher  of  a  very  different 
kind',  "He  owed  his  influence  to  various  causes;  at 
the  head  of  which  may  be  placed  that  genius  for 
system,  which,  though  it  cramps  the  growth  of 
knowledge,  perhaps  finally  atones  for  that  mischief 
by  the  zeal  and  activity  which  it  rouses  among  fol- 


'  llackintosh  on  Ilobbcs,  Dissert,  p.  177- 


^tnen 


iwers  and  opponents,  vbo  discover  truth  by  iixi> 
iOt,  when  in  pursuit  of  irespons  for  their  mr&te.' 
le  list  of  Werner's  pupils  for  a  confii<ler«bI<> 

icluded  most  of  llie  principal  geolog^ls  of  Europe; 
IS  Freisleben,  Moli-s  Esmark,  d'Andrada.  Raomer, 
Engelhart,  Charpeutier,  BroccbL  Alexander  tob 
Humboldt  and  Leopold  von  Bueb  went  forth  firooi 
his  school  to  i>bserve  America  and  Siberia,  the  isla 
of  the  Atlantic,  and  the  coast  of  Norway.  Professor 
Jameson  established  at  Edinburgh  a  Wemoita 
society ;  and  his  lecture-room  became  a  second  ceotte 
of  Werneriaii  doctrines,  whence  proceeded  many 
lous  geological  obseriTrs;  among  these  we  may 
mention  as  one  of  the  most  distinguished,  M.  Ami 
Boue,  though,  like  several  others,  he  soon  cast  away 
the  peculiar  opinions  of  the  Weruerian  school.  The 
classifications  of  this  school  were,  however,  diffused 
over  the  civilized  world  \\ith  extraordinary  succesB; 
and  were  looked  upon  with  great  respect  till  the 
study  of  organic  fossils  threw  them  into  the  shade. 

Smith,  on  the  other  hand.  loug  pursued  his  own 
thoughts  without  aid  and  without  s^'ropathy.  About 
1799.  he  became  acquainted  with  a  few  gentli 
(Dr.  Anderson,  Mr.  Richardson,  Mr.  Townsend,  and 
Mr.  Davies,)  who  had  already  given  some  attention 
to  organic  fossils,  and  who  were  astonished  to  find  hh 
knowledge  so  much  more  exact  and  extensive  than 
their  own.  From  this  time  he  conceived  the  inten- 
tion of  publishing  his  discoveries;  but  the  want  of 

Iterary  leisure  and  habits  long  prevented  him.  Hb 
owledge  was  orally  communicated  without  reserve 
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many  persons ;  and  thus  gradually  and  insensibly 
became  part  of  the  publir  stock.  "When  this  dif- 
fusion of  bis  views  had  gone  on  for  some  time,  bis 
friends  began  to  complain  that  the  author  of  them 
was  deprived  of  his  ivell-merited  share  of  fame. 
His  delay  in  publication  made  it  difficult  to  remedy 
this ;  fur  soon  after  he  published  his  geological  map 
of  England,  anotlier  appeared,  founded  upon  separate 
irvations;  and  though,  perliaps,  not  quite  inde- 
ident  of  bis,  yet  in  many  respects  much  more 
detailed  and  correct.  Thus,  though  his  general  ideas 
obtained  universal  currency,  he  did  not  a.ssume  his 
due  prominence  as  a  geologist.  lu  1818,  a  generous 
attempt  was  made  to  direct  a  proper  degree  of  public 
gratitude  to  him,  in  an  article  in  the  Edinburgh 
Review,  the  production  of  Dr.  Fitton,  a  distinguished 
English  geologist.  And  when  the  eminent  philoso- 
pher, Wollaston,  had  bequeathed  to  the  Geological 
Society  of  London  a  fund  from  which  a  gold  medal 
wa8  to  be  awarded  to  geological  services,  the  first  of 
medals  was,  in  1831,  "given  to  Mr.  WilUam 
ith,  in  consideration  of  his  being  a  great  original 
iverer  in  English  geology;  and  especially  for  his 
iving  been  the  first  in  this  country  to  discover 
to  teach  the  identification  of  strata,  and  to  deter- 
their  succession  by  means  of  their  imbedded 

Cuvicr's  discoveries,  on  the  other  hand,  botli  from 

the  high  i)hiloBopbic  fame  of  their  author,  and  from 

iitiieir  intrinsic  importance,  arrested  at  once  the  at- 

ntion  of  scientific  Euro{)e ;  and,  notwithstanding 
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the  uDdoabted  priority  of  Smith's  labonre,  for  a  V 
time  were  looked  upon  m  the  start! nf -point  of  on 
knowledge   of    organic    fossils.      And,    in    realitj 
althongh  Cuner'a  memoirs  derived  the  greatest  f 
of  their  value  from  his  zoologiraJ  conclusions,  t]i< 
reflected  baek  no  small  portion  of  interest  on  th 
classifications  of  strata,  which  were  involred  in  I 
inferences.     And  the  views  which  ho  presented  gat 
to  geology  an  attractive  and  striktng  character,  ai 
a    connexion  with    large  physiological  as    well   : 
physical  principles,  which  added  incomparably  to  i 
dignity  and  charm. 

In  tracing  the  reception  and  fliffasion  of  doctriot 
Buch  as  those  of  Smith  and  Cuvier,  we  ought  not  ( 
omit  to  notice  more  especially  the  formation  an 
history  of  the  Geological  Society  of  London,  jus 
mentioned.  It  was  established  in  1807,  with  a  viei 
to  multiply  and  record  observations,  and  patientiv  t 
await  the  result  at  some  future  period ;  thatis.it 
founders  resolved  to  apply  themselves  to  DescriptiT 
Geology,  thinking  the  time  not  come  for  that  tha 
reticaJ  geology  which  had  then  long  lired  th 
controversial  ardour  of  Neptunists  and  Pfntonist 
The  first  volume  of  the  Transactions  of  this  societ 
was  published  in  18H.  The  greater  part  of  tl 
contents  of  this  volume'  savour  of  the  notions  ( 
the  W'ernerian  school;  and  there  arc  papers  o 
some  of  the  districts  in  England  most  rich  in  fosdii 
which,  Mr.  Conybearo  says,  well  exhibit  tho  loi 
,  fttato  of  secondary  geology  at   that   period    JBa 
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Ppapcr  by  Mr.  Parkinson  refers  to  the  discoveries 

both  of  Smith  and  of  Cuvier;    and  in    the   next 

volume.  Mr.  Webster  gives  an  account  of  the  Isle  of 

Wight,  following'  the  admirable  model  of  Cuvier  and 

Brongniart's  account  of  the  Paris  basin.     "  If  we 

compare  this  memoir  of  Mr.  Webster  with  the  jire- 

ccding  one  of  Dr.  Bcrger,  (also  on  the  Isle  of  Wight,) 

tfaey  at  once  show  themselves  to  belong  to  two  very 

Itinct  eras  of  science;  and  it  U  difficult  to  believe 

lat  the  interval  which  elapsed  between  their  respec- 

Hve  publication  was  only  three  or  four  yearaV 

Among  the  events  belonging  to  tlie  diffusion  of 

^^soand  geological  news,  we  may  notice  tlio  publica- 

^Hni  of  a  little  volume  entitled,  "  The  Geology  of 

^^■pgland  and  Wales,"  by  Mr.  Conybeare  and  Mr. 

^^BhiUipa.  in  1821 :  an  event  far  more  important  than, 

^^Hom  the  modest  f<irm  and  charnctcr  of  the  work,  it 

^^feight  at  first  sight  appear.     By  describing  in  detail 

tho  geological  structure  and  cUiiumstauces  of  one  jiart 

of  England,  (at  least  as  fer  downwards  as  the  coal,)  it 

^^■Bnbled  a  very  wide  class  of  rea<lers  to  understand  and 

^Hkwify  the  classifications  which  goolog}*  had  then  very 

^recently  established ;  while  the  extensive  knowledge 

and  philosophical  spirit  of  Mr.  Conybeare  rendoro<I 

^it,  uuder  the  guise  of  a  topograj>hicjil  enumeration, 

^Hk  reality  a  profound  and  instructive  scientific  treatise. 

^Hpie  vast  impulse  wliich  it  gave  to  the  study  of  soimd 

^^•Bcriptivo  geology  was  felt  and  acknowledged  in 

other  countries,  tu>  well  as  in  Britain. 

Since  that  period,  descriptive  geology  in  England 
'  Conybcorc,  Report,  p.  372. 
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has  constantly  advanced.  The  advance  has  been 
due  mainly  to  the  labours  of  the  members  of  the 
Geological  Society ;  on  whose  merits  as  cultivators 
of  their  science,  none  but  tliose  who  are  them- 
selves masters  of  it,  have  a  right  to  dwell.  Yet 
some  parts  of  the  scientific  character  of  these  men 
may  l>e  appreciated  by  the  general  speculator ;  for 
they  have  shown  that  there  are  no  talents  and  no 
endowments  which  may  not  find  their  fitting  em- 
ployment in  this  science.  Besides  that  they  have 
united  laborious  research  and  comprehensive  views, 
acuteness  and  learning,  zeal  and  knowledge ;  the 
philosophical  eloquence  with  which  they  have  con- 
ducted their  discussions  has  had  a  most  beneficial 
influence  on  tlie  tone  of  their  speculations ;  and  their 
researches  in  the  field,  which  have  carried  them  into 
every  country  and  every  class  of  society,  have  given 
them  that  prompt  and  liberal  spirit,  and  that  open 
and  cordial  bearing,  which  results  from  intercourse 
with  the  world  on  a  large  and  unfettered  scale.  It 
is  not  too  much  to  say,  that  in  our  time,  practical 
geology  has  been  one  of  the  beat  schools  of  philoso- 
phical and  general  culture  of  mind. 

Sect.  2. — Application  of  Systematic  Geology. 
Geological  Surveys  and  Maps. 

Such  surveys  as  that  which  Conybeare  and  Phillips's 
book  presented  with  respect  to  England,  were  not 
only  a  means  of  disseminating  the  knowledge  im- 
pUe4  in  the  classifications  of  such  a  work,  but  they 
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%ere  also  an  essential  part  of  the  application  and 
extension  of  the  principles  established  by  the  foundera 
of  systematic  geology.  As  soon  as  the  truth  of  such 
a  system  was  generally  acknowledged,  the  persuasion 
of  the  propriety  of  geological  surveys  and  maps  of  each 
country  could  not  but  impress  itself  on  men's  minds. 
When  the  earlier  writers,  as  Lister  and  Fonte- 
neile,  spoke  of  mineralogical  and  fossilological  maps, 
could  hardly  be  said  to  know  the  meaiung  of 
terms  which  they  thus  used.  But  when  subse- 
quent classifications  had  shown  how  such  a  suggestion 
might  be  carried  into  effect,  and  to  what  important 
consequences  it  might  lead,  the  task  was  undertaken 
in  various  countries  in  a  vigorous  and  consistent 
manner.  In  England,  besides  Smith's  map,  another, 
drawn  up  by  Mr.  Greenough,  was  pubUshed  by  the 
Geological  Society  in  1819;  and,  being  founded  on 
very  numerous  observations  of  the  author  and  his 
friends,  made  witli  great  labour  and  cost,  was  not 
only  an  important  correction  and  confirmation  of 
lith's  labours,  but  a  valuable  storehouse  and 
dflrd  of  what  had  then  been  done  in  English 
geology.  Leopold  von  Buch  had  constructed  a  geo- 
logical map  of  a  large  portion  of  Germany,  about  the 
same  period;  but,  aware  of  the  difficulty  of  the  task 
lie  had  thus  attempted,  he  still  forbore  to  publish  it. 
At  a  later  period,  and  as  materials  accumulated,  more 
(tailed  maps  of  parts  of  Germany  were  produced 
Hoffmann  and  others.  The  French  government 
Ltrusted  to  a  distinguished  Professor  of  the  School 
Mines,  (M.  Drochaut  de  Villiers,)   the  task   of 
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lotutructing  a  map  of  France  on  the  model  of 
Ifr.  Grcenoiif^h'H:  iuwociatiiij;;  with  bim  two  rounger 
termiiH.  sok-ftcd  for  their  enerjrr  and  talentt. 
de  Beaumotit  aud  Dufreaoj.  We  idiall 
ttve  occasion  hereafter  to  speak  of  the  executkm 
f  this  Biirvej".  By  various  pei-sons,  geological  vaxpt 
of  almost  every  country  and  province  of  Europe, 
and  of  many  parts  of  Asia  and  America  have 
been  published.  1  need  not  enumerate  these, 
but  I  may  refer  to  the  account  gi^-en  of  them 
by  Mr.  Conybeare.  in  the  Reports  of  the  British 
Association  for  1 832,  p.  384.  Those  various  essari 
may  be  considered  ai  contributions,  though  hitherto 
jidonbtedly  very  imperfect  oupb,  to  that  at  M'hicb 
Descriptive  Geology  ou^ht  to  aim,  and  which  is 
requisite  as  a  foundation  for  sound  theory; — a  com- 
plete geological  survey  of  the  whole  earth.  But  we 
JBust  say  a  few  words  respecting  the  language  in 
Which  such  a  survey  must  be  written. 

As  we  have  already  said,  that  which  made  such 
I  and  the  accompanying  descriptions  possible, 
B  that  the  strata  and  their  contents  had  previously 
lorgono  classification  and  arrangement  at  the 
ands  of  the  fathers  of  geology.  Cln^silieation,  in 
Blis  as  in  other  cases,  implied  names  which  ehoold 
>  it  distinctness  and  permanenco:  and  when  the 
of  fltrata  belonging  to  one  country  woro  re- 
■cd  to  in  the  description  of  another,  in  which  they 
bpeared,  as  was  usually  the  case,  luider  an  aspect 
(  least  somewliat  different,  the  supposed  ideutilica^ 
1  required  a  peculiar  etudy  of  each  case ;  and  thus 
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geology  had  arrived  at  the  point,  which  we  have  before 
had  to  notice  as  one  of  the  stages  of  the  progress  of 
Classificatory  Botany,  at  which  a  technical  nomen- 
clature and  a  well  undei-etood  si/noni/mi/  were  essen- 
tial parts  of  the  science. 

Sect.  3. — Geological  Nomenclature. 

By  nomenclature  we  mean  a  si/stem  of  names ;  and 
hence  we  cannot  speak  of  a  geological  nomenclature 
till  we  come  to  Werner  and  Smith.  The  earlier 
mineralogists  had  employed  names,  often  artificial 
and  arhitrary,  for  special  minerals,  but  no  technical 
and  constant  names  for  strata.  The  elements  of 
Werner's  names  for  the  members  of  his  geological 
Berien  were  words  in  use  among  miners,  as  gneiss, 
grmtwackey  thonschiffer,  rot/ie  todte  liegende,  zechstein; 
or  arbitrary  names  of  the  mineralogists,  as  syenite, 
serpentine,  porphvry,  granite.  But  the  more  tech- 
nical part  of  his  phraseology  was  taken  from  that 
which  is  the  worst  kind  of  name,  arbitrary  numera- 
tion. Thus  ho  had  his  Jini  sandstono  formation, 
second  sandstone,  third  sandstone ; /V*i  fliitz  lime- 
stone, second  HotK  limestone,  third  flotz  limestone. 
Such  names  are,  beyond  all  others,  liable  to  mistake 
in  their  application,  and  likely  to  be  exiwlled  by  the 
progress  of  knowledge ;  and  accordingly,  though  the 
Wemerian  names  for  rocks  mineralogically  distin- 
guished have  still  some  currency,  his  sandstones  and 
limestones,  after  creating  endless  confusion  while 
his  authority  had  any  sway,  have  utterly  disappeared 
from  good  geological  works. 
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The  nomenclature  of  Smitli  was  founded  upon 

English  provincial  terms  of  very  barbarous  aqwct, 

as  combrash,  lias,  tfault.  clunch  clay,  coral  rag.    Yet 

these  terms  were  widely  diffused  when  his  clasd- 

I  ficatiou  was    generally  accepted ;    they  kept    thar 

I  place,  precisely  because  they  had  no  systematic  sig- 

L  nification ;  and  many  of  them  are  at  present  part  of 

■the  geological  language  of  the  whole  civilised  worid. 

Another  kind  of  names  which  has  been  very  pre- 

I  Talent  among  geologists  is  that  which  is  borrowed 

I  from  places.     Thus  the  ^A'emerians  spoke  of  Alpine 

liimestone  and  Jura  limestone,  the  English  of  Kim- 

tjneridge  clay  and  Oxford  clay,  Purbeck  marble,  and 

I  Portland    rock.      These  names,    referring    to    the 

I  Btratuni  of  a  known  locality  as  a  type,  were  good,  as 

I  fer  as  an  identity  with  that  type  had  been  traced ; 

I  but  when  this  had  been  incompletely  done,  they  were 

Mable  to  great  ambiguity.     If  the  Alps  or  the  Jura 

IcontaJn  several  formations  of  limestone,  such  terms 

3  have  noticed,  borrowed  from  those  mountains, 

Kcease  to  be  necessarily  definite,  and  may  give  rise  to 

much  confusion. 

Descriptive  names,  although  they  might  be  sup- 
losed  to  be  the  best,  have,  in  (act,  rarely  been  for^ 
lunate.  The  reason  of  this  is  obvious ; — the  marie 
■which  has  been  selected  for  description  may  easily 
fail  to  be  essential ;  and  the  obvious  connexions  of 
..natural  facts  may  overleap  the  arbitrary  definition. 
j  we  have  already  stated  in  the  Uintory  of  botany, 
establishment  of  descriptive  marks  of  real 
glasses,  presupposes  the  im])ortant  but  difficult  step 
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?  (liscoverr  of  sueli  marks.  Hence  those  de- 
scriptive names  only  Lave  been  really  useful  in  geo* 
logy  which  have  been  used  without  any  scrupulous 
regard  to  the  appropriateness  of  the  description. 
The  yretn  sand  may  l>e  white,  brown,  or  red ;  the 
I  momtfain  limestone  may  occur  only  in  valleys ;  tho 
coliie  may  have  no  roe-like  structure ;  mid  yet  these 
I  may  be  excellent  geological  names,  if  they  W  apjdied 
to  formations  geologically  identical  with  Hioso  which 
the  plirases  originally  designated.  The  signification 
may  assist  the  memory,  but  must  not  be  allowed  to 
subjugate  the  faculty  of  natural  classification. 

The  terms  which  have  been  formed  by  geologists 
in  recent  times  have  been  drawn  from  similar  sources 
to  those  of  the  older  ones,  and  will  have  their  for- 
^■Sfte  determined  by  the  same  conditions.  Thus  Mr. 
Hp^^  has  given  to  the  divisions  of  tho  tertiary  strata 
Vie  appellations  pleiocetie,  meioccne,  eocene,  accordingly 
as  they  contain  a  majority  of  recent  species  of  sliella, 
a  minority  of  such  species,  or  a  small  proportion  of 
living  8|>ecies,  which  may  be  looked  upon  its  indi- 
cating the  dawn  of  the  existing  state  of  the  animate 
BSMion.  But  in  this  case,  he  wisely  treats  his  dis- 
ICtions,  not  as  definitions,  but  as  the  marks  of 
tural  groups.  "  The  jdurality  of  species  indicated 
by  the  name  plciocene,  must  not,"  he  says',  "'bo 
nnderstood  to  imply  an  absolute  majority  of  recent 
i  shells  in  all  cases,  but  a  comparative  prejion- 
noe  wherever  the  ploiocenc  are  contrasted  with 
le  period  immediately  preceding." 
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Mr.  Lycll  niigbt  hnvo  mlcltnl,  that  no  precipe  per- 
centage of  recent  spwies,  nor  any  numerical  cri 
terlon  wliatever,  can  be  allowed  to  itveriioar  tli 
closer  natural  relations  of  strata,  proved  by  cTideiu 
of  a  superior  kind,  if  such  can  tie  found.  And  tlil^ 
would  be  the  proper  answer  to  the  objection  laadi 
by  M.  De  la  Beche  to  these  names ;  namely,  that  i 
may  happen  that  the  meiocene  rocks  of  one  county 
may  be  of  the  same  data  as  the  pleiocene  of  aootfa«< 
The  names  must  not  be  so  applied.  The  formaticH 
which  haa  been  called  pleiocene,  uiufit  continue  I 
be  m  called;  and  all  rocks  that  agree  with  that  il 
datci  without  further  reference  to  the  uamerics 
relationsof  their  fossils,  must  also  share  iu  the  t 

To  invent  good  names  for  these  lar^  di\Tsiiins  9 
the  series  of  strata  is  indeed  extremely  difficult.  Tb 
term  oolile  is  an  instance  in  which  a  descriptive  wor 
has  become  i>ermanent  in  a  case  of  this  kind  ;  and,  u 
imitation  of  it,  jMscUile  (from  irotuciXoty  various,)  b 
been  j)ropo8ed  by  Mr.  Conybeare'  as  a  name  lor  I 
group  of  strata  inferior  to  the  oolites,  of  which  t 
variegated  sandstone  (hunter  sandstein,  gres  bigarr^ 
is  a  conspicuous  member.  For  the  series  of  Sort 
tioiis  which  lies  immediately  over  the  rocks  in  whic 
no  organic  remains  are  found,  the  terra  ftii 
was  long  used,  but  with  extreme  ambiguity  an 
vagueness.  When  this  series,  or  rather  the  up[K 
part  uf  it,  wa^  well  examined  iu  South  AV'oles,  whef 
it  consists  of  many  well-marked  members,  and  dm 
be  probably  taken  as  a  type  for  a  laipj  portkui  a 
'  Uc^wrt,  \..  318. 


SEQUEL  TO  SYSTEMATIO  GEOLOGY. 

the  rest  of  the  world,  it  became  necessary  to  give  to 
the  group  thus  explored  a  name  not  necessarily 
leading  to  aj^sumption  or  controversy.  Mr.  Mur- 
chifion  selected  the  term  Silurian,  borrowed  from 
the  former  inliabitauts  of  the  country  in  which  hia 
tj-pes  were  found ;  and  this  is  a  term  excellent  in 
many  respects;  but  one  which  will  probably  not 
quite  supersede  "  transition,"  because,  in  other 
places,  transition  rocks  occur  which  correspond  to 
none  of  the  members  of  the  Silurian  region. 

Thougli  new  names  are  inevitable  accompaniments 
of  new  \-iew8  of  classitication,  and  though,  therefore, 
the  geological  discoverer  must  be  allowed  a  right  to 
coin  tliem,  this  is  a  privilege  which,  for  the  sake  of 
liis  own  credit,  and  the  circulation  of  his  tokens,  he 
exercise  with  great  temperance  and  judgment. 
Brongniart  may  be  taken  as  an  example  of  the 
leglect  of  this  caution.  Acting  upon  the  principle, 
in  itself  a  sound  one,  that  inconveniences  arise  from 
geological  terms  which  have  a  mineralogical  signiti- 
m,  be  has  given  an  entirely  new  list  of  names 
the  members  of  the  geological  eeriea.  Thus  the 
tive  unstratifiecl  rocks  are  taraitis  agalysiens; 
transition  semi-compact  are  hernilt/siens ;  the 
imentary  strata  are  yzemifm ;  the  diluvial  de- 
posits are  difsmieiu ;  and  these  divisions  are  sub- 
divided by  designatious  equally  novel;  thus  of  the 
irraina  yzemiens,"  members  are  the  terrains  clas~ 
iriUmiens,  proleiijues,  palaoUmiens,  epUj/m- 
.     Such  a  nomenclature  appears 
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to  labour  under  great  iiicoiiVL-niences,  since  the  terms 
are  descriptive  in  their  derivation  yet  are  not  gene- 
rally intelligible,  and  refer  to  theoretical  views  yet 
have  not  the  recommendation    of  systematic    con- 


—Gcolofjflcal  Si^nonymy,  or  De(erminati<m  of 
Gediigical  EifuimleiUi. 

It  will  easily  be  supposed  that  with  so  many  dif- 
ferent sources  of  names  as  we  have  mentioned,  the 
same  stratum  may  be  called  by  different  designa- 
tions ;  and  thus  a  synonymy  may  be  iiecessarj-  for 
geology,  as  it  was  for  botany  in  the  time  of  Bauhin, 
when  the  same  plants  had  been  spoken  of  by  so 
many  different  appellations  in  different  authors. 
But  in  reality,  the  synonymy  of  geology  is  a  still 
more  important  part  of  the  subject  than  the  analogy 
of  botany  would  lead  us  to  suppose.  For  in  plants, 
the  species  are  really  fixed,  and  easily  known  when 
seen ;  and  the  ambiguity  is  only  in  the  imperfect 
communication  or  confused  ideas  of  the  ohsen 
But  in  geologj-,  the  identity  of  a  stratum  or  fon 
tion  in  different  places,  though  not  an  arbitrary,  may 
be  a  verj'  doubtful  matter,  even  to  him  who  has  seen 
and  examined.  To  assign  its  right  character  ami 
place  to  a  sti-atuni  in  a  new  country,  is,  in  i 
degree,  to  establish  the  whole  geological  history  d 
the  coimtry.  To  assume  that  the  same  names  may 
rightly  be  applied  to  the  strata  of  different  coun- 
tries, is  to  take  for  gi-anted,  not  indeed  the  We^ 
nerian  dogma  of  universal  formations,  but  a  con- 
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lerable  degree  of  generality  and  uniformity  in  the 
known  fonnationg.  And  how  far  this  generality 
and  unifomiity  prevail,  observation  alone  can  teach. 
The  search  for  geological  sj-nonj-nis  in  different 
countries  brings  before  us  two  questions; — first,  are 
there  such  synonyms?  and  only  in  the  second  place, 
and  as  far  as  they  occur,  wfiat  are  they  ? 

In  fact,  it  is  found  that  although  formations  which 
must  l>e  considered  as  geologically  identical  (because 
otherwise  no  classification  is  possible,)  do  extend 
over  large  regions,  and  pass  from  country  to  country, 
their  identity  includes  certain  modifications;  and 
the  determination  of  the  identity  and  of  the  modifi- 
cations are  inseparably  involved  with  each  other,  and 
almost  necessarily  entangled  with  theoretical  con- 
iiiderations.  And  in  two  countries,  in  which  we  find 
tills  modified  coincidence,  instead  of  saying  that  the 
strata  are  identical,  and  that  their  designations  are 
Bjmonyins,  .ive  may,  with  more  propriety,  consider 
them  as  two  corresponding  series ;  of  which  the 
^^bgnibers  of  the  one  may  be  treated  as  the  represeti- 
^^Kites  or  eqtiiealejtts  of  the  members  of  the  other. 
This  doctrine  of  representatives  or  equivalents 
supposes  tliat  the  geological  [ilienomena  in  the  two 
countries  have  been  the  results  of  similar  series  of 
events,  which  have,  in  some  measure,  coincided  in 
fcime  and  order ;  and  thus,  as  we  have  said,  refers  us 
\  theory.  But  yet,  considered  merely  as  a  step  in 
jsification,  the  eomi)ari8on  of  the  geological  series 
different  comitriea  is,  in  the  highest 
ree,  important  and  interesting.     Indeed,  in  tlie 
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tory  from  chemical  mineralogy  is  necessary  for  the* ' 
completion  of  that  science,  the  comparative  claasifi- 
cation  of  the  etrata  of  different  countries  according 
to  their  resemblances  and  differences  alone,  is  requi- 
site as  a  basis  for  a  theory  of  their  causes.  But,  as 
will  easily  be  imagined  from  its  nature,  this  part  of 
descriptive  geology  deals  with  both  the  most  difficult 
and  the  most  elevated  problems;  aud  requires  a 
rare  union  of  laborious  observation  with  a  comp»».« 
hensive  spirit  of  philosophical  classification.  B 

In  order  to  give  instances  of  tliis  process  (for  of 
the  vast  labour  and  great  talents  whicli  have  thus 
been  employed  iu  England,  France,  and  Germany,  ii^ 
is  only  instances  that  wo  can  give,)  I  may  refer  i 
the  geological  survey  of  France,  which  was 
cuted,  as  we  Iiave  already  stated,  by  order  of  the 
government.  In  this  undertaking  it  was  intended  to 
obtain  a  knowledge  of  the  whole  mineral  structure 
of  France ;  but  no  small  portion  of  this  knowledge 
was  brought  into  view,  when  a  synonymy  had  been 
established  between  the  secondary  rocks  of  France 
and  the  corresponding  members  of  the  English  and 
German  series,  which  had  been  so  well  studied  as  to 
have  become  classical  points  of  standard  reference. 
For  the  purpose  of  doing  this,  the  principal  dircctoM 
of  the  survey,  MM.  Brochant  de  Villiers,  De  BeM»l 
mont,  and  Dufrenoy,  came  to  England  in  1822,  aui^ 
following  the  steps  of  the  best  English  geologists,  in 
a  few  months  made  themselves  acquainted  with  the 
English  scries.  They  then  returned  to  France,  and, 
starting  fi-om  the  chalk  of  Paris  in  various  directions, 
tiBTelled  on  the  tinea  ^Viick  caxried  them  over  the 
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■  t^  the  stnta  whi^fa  emerge  from  benmtll 
.  identt^ng,  a»  ther  coold,  the  ftntu  vith 
fctrviga  utolognes.  Thev  thns  n<C(yniic<l 
t  mil  of  the  principal  beds  of  the  oolitie  «enM 
At  thi?  *arae  time  they  fi>und  diffbN 
B  as  well  as  resemblances.  ThnD  the  rortUnd 
I  Kinuueridge  beds  of  France  wi-iv  found  to  coo^ 
I  m  abundance  a  certain  shell,  the  t/ryjJttra  riiymkk, 
1  had  not  before  been  much  n^marketl  in  tht^M* 
I  in  EnghiD'I.  Witli  regard  to  the  srnonj-nw  iu 
LOT.  OD  the  other  hand,  a  diftt'reuce  uf  opiitioti 
i  between  M.  EHe  de  Beaumont  and  M.  Voltji', 
i  fonner  considering  the  Gres  de  I  'astft-a  m  the 
lent  of  tlio  rot&e  todte  lie^mdc.  which  oiTurs 
nth  the  zechstein,  while  M.  Voltx  held  that  it 
I  the  lower  portion  of  the  red  or  mriafated  sand- 
t  which  rests  on  the  zechstein. 
Un  the  same  manner,  from  the  ttret  pri)mul^tion 
Lthe  Wemerian  system,  attempts  were  mado  to 
Btify  the  English  with  the  German  members  of 
ha  geological  alphabet;  but  it  was  long  before  this 
alphabet  was  rightly  read.  Thus  tJie  Eiipli»h  geo- 
logigtfl  who  first  tried  to  apply  the  Wemerian 
Berica  to  this  country,  conceived  tlio  old  and  now 
red  sandstone  of  England  to  be  the  same  with  the 
old  and  new  red  sandstone  of  Werner;  whereaa 
Werner's  old  red,  the  rothe  todte  licgeude,  is  above 
the  coal,  while  the  English  old  red  is  below  it.  This 
miflt.ake  led  to  a  further  erroneous  identification  of 
our  mountain  limestone  with  Werner's  fintt  flotz 
luneetouc;  and  caused  an  almost  inextricable  con- 
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fusion,  wliich,  even  at  a  recent  period,  lias  i>eritlexe 
the    views  of  German    geologists  respecting 
country.     Again,  the  lias  of  Eiiglaod  was,  at  I 
supposed  to    be   the    cfjuivalciit    of  tlic   musohe 
kalk  of  Germany.      But  the  error  of  this  ident 
ficatiou   was    brought    into   view  by  examiuatiw 
and    discussions  in  which    SIM.  Qiycnhausen 
Dechen  took  the  lead ;  and  at  a  later  period,  Prt 
feesor  Sedgwick,  by  a  laborious  examination  of  tl 
strata  of  England,   was  enabled  to  show  the  tn 
relation  of  this   part    of    the  geology  of  tlio   tyt 
countries.     According   to  him,  the   now  red  M 
stone  of  England,   considered  as    one   great    cat 
plex  formation,  may  be  divided  into  seven  mcmbei 
composed  of  sandstones,  limestones,  and  marls;  fi 
of  which  represent  respectively  the  roth^  todte  li&jenA 
the  kitpfer  sckiefer;  the  zechstein,  with  the  rattclac(k 
mche,   and    s/inkslein  of    the  Thuringenwald; 
buiiler  sandstein  ;  and  the  keuper :  the    mitscheikat 
which  lies  between  the  two  last  members  of  t 
German  list,  not  having  yet  been  discovered  in  o 
geological   series.     "Such  a  coincidence,"  he  ( 
serves',  *'  in  the  subdivisions  of  two  distant  raechai 
cal  deposits,  even  upon  the  supposition  of  their  bei: 
strictly  contemporaneous,  is  truly   astonishing, 
has  not  been  assumed  h)'pothetically,  but  is  the  fi 
result  of  the  facts  which  are  recorded  in  this  pape 
As  an  examjde  in  which  the  study  of  geolugit 
equivalents   becomes    still    more    ditKcult, 
notice  the  attempts  to  refer  the  strata  of  the  Alps 
thoNO    of   the    north-west    of  Europe.      The 


I  marbles  and  schists  resembling  mica  slato" 
were,  <turing  the  prevalence  of  the  Wernerian 
theory,  referred,  as  was  natural,  to  the  transition 
class.  The  striking  physical  charactei's  of  tliis  moun- 
tain region,  and  its  long-standing  celebrity  as  a  sub- 
ject of  mineralogical  examination,  made  a  complete 
subversion  of  the  received  opinion  respecting  its 
place  in  the  geological  series,  an  event  of  great  im- 
portance in  the  history  of  the  science.  Yet  this 
was  what  occurred  when  Dr.  Bnckland,  in  1820, 
threw  his  piercing  glance  upon  this  district.  He 
immediately  pointed  out  that  these  masses,  by  their 
fossils,  approach  to  the  oolitic  series  of  this  country. 
From  this  view  it  followed,  that  the  geological  equi- 
valents of  that  series  were  to  be  found  among  rocks 
in  which  the  mineralogical  characters  were  altogctlior 
different,  and  that  the  loose  litfiestones  of  England 
represent  some  of  the  highly-compact  and  cri-stal- 
line  marbles  of  Italy  and  Greece,  This  view  was 
confirmed  by  subsequent  investigations ;  and  the 
correspondence  was  traced,  not  only  in  the  general 
body  of  the  formations,  but  in  the  occurrence  of  the 
red  marl  at  its  bottom,  and  the  green  sand  and 
ehalk  at  its  tup. 

The  talents  and  the  knowledge  whicii  such  tasks 
require  are  of  no  ordinary  kind ;  nor,  even  with  a 
consummate  acquaintance  with  the  well-ascertained 
formations,  can  the  place  of  problematical  strata  be 
deeidctl  without  innnenao  labour.  Thus  the  exami- 
nation and  delineation  of  luindreds  «f  shellx  by  the 
most  skilful  conchtilngists  has  been  thought  necee- 
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sary  in  order  to  determine  whether  the  oaIcareotia| 
beds  of  Maestricht  and  of  Gosau  are  or  are  nolf  J 
intermediate,  as  to  their  orgaoic  contents,  between  1 
the  chalk  and  the  tertiary  formations.  And  scarcely 
any  point  of  geological  classification  can  be  settled 
without  a  similar  union  of  the  accomplished  natu- 
ralist  with  the  laborious  geological  collector.  H 

It  follows  from  the  views  already  i)reHented  offl 
this  part  of  geology,  that  no  attempt  to  apply  to'l 
distant  countries  the  names  by  which  the  well-known  I 
^_  European  strata  have  been  described,  can  l>e  of  any  " 
^H  value,  if  not  accompanied  by  a  corresponding  attempt 
^^f  to  show  how  far  the  European  series  is  really  appli 
'  cable.     This  must  l)e  borne  in  mind  in  estimating 

the  import  of  the  geological  accounts  which  have 
been  given  of  various  parts  of  Asia,  Africa,  and 
America.  For  instance,  when  the  carboniferous 
group  and  the  new  red  sandstone  are  stated  to  be 
found  in  India,  we  require  to  be  assured  that  these 
formations  are,  in  some  way,  the  equivalents  of  their 
83Tionvm8  in  countries  better  explored.  Till  this  is 
done,  the  results  of  observation  in  such  i)lftcea  would 
^^  be  better  conveyed  by  a  nomenclature  imjilying  only 
those  facts  of  resemblance,  difference,  and  order,  which 
have  been  ascertained  in  the  country  so  described. 
We  know  that  serious  errors  were  incurred  by  the 
attempts  made  to  identify  the  tertiary  strata  of  other 
countries  with  those  first  studied  in  the  Paris  basin. 
Fancied  points  of  resemblance,  Mr.  Lyell  observe-s, 
were  magnified  into  undue  importance,  and  essential 
differences  in  mineral  character  and  organic  contents 
were  elurred  over. 
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Sect.  1 . — General  Geological  Phenomena. 

Besides  thus  noticing  such  features  in  the  rocks  of 
each  country  as  were  necessary  to  the  identification 
of  the  strata,  geologists  have  had  many  otlier  pheno- 
mena of  the  earth'e  eurfece  and  materials  presented 
to  their  notice;  and  these  they  have,  to  a  certain 
extent,  attempted  to  generalize,  so  as  to  obtdn  on 
this  suhject  what  wo  have  elsewhere  termed  the 
laws  of  phenomena,  which  are  the  best  materials  for 
physical  theory.  Without  dwelling  long  upou  these, 
wo  may  briefly  note  some  of  the  mo^t  obvious. 
Thus  it  has  been  observed  that  mountain-ranges  often 
consist  of  a  ridge  of  subjacent  rock,  on  which  lie,  on 
each  side,  strata  sloping  from  the  ridge.  Such  a 
ridge  is  an  antidinal  line,  a  tnineralofjical  aj^s.  The 
sloping  strata  present  their  cfcai-pmeitti,  or  steep 
edges,  to  this  axis.  Again,  in  mining  countries,  the 
veins  which  contain  the  ore  are  usually  a  system  of 
para/kl  and  nearly  vertical  partitions  in  the  rock ; 
and  these  are,  in  very  many  cases,  intersected  by 
another  sptem  of  veins  parallel  to  each  other,  and 
nearly  jurrpendicular  to  the  former.    Countries  are 
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often  intersected  hyfaiilis,  or  fissures  interrupting 
the  strata,  in  which  the  rock  on  one  side  the  fissure 
appears  to  have  been  at  first  continuous  with  that 
on  the  other,  and  shoved  aside  or  up  or  down  after 
the  fracture.  Again,  besides  these  larger  fractures, 
rocks  have  joints, — se|)arations,  or  tendencies  to  sepa- 
rate iu  some  directions  rather  than  in  others ;  and  a 
slati/  cleavage,  in  which  the  parallel  subdivisions  may 
be  carried  on,  so  as  to  produce  lamiuie  of  indefinite 
thinness.  As  an  example  of  tliose  laws  of  pheno-- 
mena  of  which  we  have  spoken,  we  may  instance  the 
general  law  asserted  by  Prof.  Sedgwick,  (not,  how- 
ever, as  free  from  exception,)  that  in  one  particular 
class  of  rocks  the  slaty  cleavage  wcer  coincides  with 
the  direction  of  the  strata. 

The  phenomena  of  metalliferous  veins  may  be 
referred  to,  as  another  large  class  of  facts  which 
demand  the  notice  of  the  geologist.  It  would  be 
difficult  to  point  out  briefly  any  general  laws  which 
prevail  in  such  cases ;  hut  in  order  to  show  the 
curious  and  complex  nature  of  the  facts,  it  may  be 
suflicieut  to  refer  to  the  description  of  the  metallic 
veins  of  Cornwall  by  Mr.  Carne' ;  in  which  the  author 
maintains  that  their  various  contents,  and  the  man- 
ner in  which  they  cut  across,  and  stop,  or  s/tijl,  each 
other,  loads  naturally  to  the  assumption  of  veins  of 
no  less  than  six  or  eight  diflerent  ages  in  one  kind  of: 
rock. 

Again,  as  important  characters  belonging  to  the 
physical  history  of  the  earth,  and  therefore  to  geology, 

'  Transactions  of  the  Geol.  Soc.  of  Comivall,  voL  ii. 
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we  may  notice  all  the  general  laws  which  refer  to  its 
temperature; — both  the  laws  of  climate,as  determined 
by  the  isot/iennal  lines,  which  Humboldt  has  drawn, 
by  the  aid  of  very  numerous  observations  made  iu  all 
parts  of  the  world ;  and  also  those  etill  more  curious 
iiictH,  of  the  increase  of  temperature  which  takes 
place  as  we  descend  iu  the  solid  mass.  The  latter 
circumstance,  after  being  for  a  while  rejected  as  ii 
fable,  or  explained  away  as  an  accident,  is  now 
generally  acknowledged  to  be  the  true  state  of  things 
in  many  distant  parts  of  the  globe,  and  probaldy 
iu  all. 

Again,  to  turu  to  cases  of  another  kind :  somo 
writers  have  endeavoured  to  state  in  a  general  man- 
ner laws  according  to  which  the  members  of  the 
geological  series  succeed  each  other ;  and  to  reduce 
apparent  anomalies  to  order  of  a  wider  kiud- 
Among  those  who  have  written  with  such  views,  we 
may  notice  Alexander  von  Humboldt,  always,  and  in 
all  sciences,  foremost  iu  tlie  race  of  generalisation. 
In  bis  attempt  to  extend  the  doctrine  of  geological 
equivalents  from  the  rocks  of  Europe'  to  those  or 
the  Andes,  he  has  marked  by  appropriate  terms  the 
general  modes  of  geological  succession.  "  I  have 
insisted,"  he  says',  "  principally  upon  the  phenomena 
of  alternation,  oscillation,  and  local  suppression,  and  on 
those  presented  by  the  passages  of  formations  from 
one  to  another,  by  the  cftect  of  an  inienor  deuelope- 
ment" 


*  Oiisemcnt  dcs  Itocliei 
'  Pref.  p.  vl. 


HISTORY  OP  GEOLOOT. 


Tlie  phenomena  of  alternutiou  to  which  Humboldt 
here  refers  are,  in  fact,  very  curious :  as  exhibiting  a 
mode  in  which  the  transitious  from  one  formatioD  to 
another  may  become  gradual  and  insensible,  instead  of 
sudden  and  abrupt.  Thus  the  coal  measures  in  the 
south  of  England  are  aboTO  the  mountain  limestone; 
and  the  distinction  of  the  formations  is  of  the  most 
marked  kind.  But  as  we  advance  northward  into 
the  coal  field  of  Yorkshire  and  Durham,  the  sub- 
jacent limestone  begins  to  be  subdivided  by  thick 
masses  of  sandstone  and  cai-bouaceous  strata,  and 
passes  into  a  complex  deposit,  not  distinguishable 
from  the  overlying  coal  measures ;  and  in  this 
manner  the  transition  from  the  limestone  to  the 
coal  is  made  by  alternation.  Thus,  to  use  auother 
expression  of  Humboldt's,  in  ascending  from  the 
limestone,  the  coal,  before  we  quit  the  subjacent 
stratum,  preludes  to  its  fuller  exhibition  in  the 
superior  beds. 

Again,  as  to  auother  point :  geologists  have  gone 
on  up  to  the  present  time  endeavouring  to  dis- 
cover general  laws  and  facts,  with  regard  to  the 
position  of  mountain  and  mineral  masses  upon  the 
surface  of  the  earth.  Thus  Von  Bucli,  in  his  physical 
description  of  the  Canaries,  has  given  a  masterly 
description  of  the  lines  of  volcanic  action  and  vol- 
canic products,  all  over  the  globe.  And,  more' 
recently,  M.  Elie  de  Beaumont  has  offered  some 
generalisations  of  a  still  wder  kind.  In  this  new 
doctrine,  those  mountain  ninges,  even  in  distant 
parts  of  the  world,  which  are  of  the  same  age^ 
.  according  to  tke  claasv&csLtioi:^  already  spoken  o( 
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'rted  to  be  iiarallel'  to  each  other,  while  those 
ranges  wliich  are  of  different  ages  lie  in  (lifterent 
directions.  This  very  wide  and  striking  proposition 
may  be  considered  as  being  at  present  upon  its  trial 
among  the  geologists  of  Europe. 

Among  the  organic  phenomena,  also,  which  have 

m  the  subject  of  geological  study,  general  laws  of 
very  wide  and  comprehensive  kind  have  been  sug- 
gested, and  iu  a  greater  or  less  degree  confirmed  by 
adequate  assemblages  of  facts.  Thus  M.  Adolphe 
Brongniart  has  not  only,  in  his  Fossil  Floi-a,  rejiro- 
Bented  and  skilfully  restored  a  vast  number  of  the 
plants  of  the  ancient  world ;  but  he  has  also,  in  the 
Prodromus  of  the  work,  presented  various  important 
iind  striking  views  of  the  general  character  of  the 
vegetation  of  fonner  periods,  as  insular  or  conti- 
nental, tropical  or  temperate.  And  M.  Agaseiz,  by 
the  examination  of  an  incredible  numl)er  of  specimens 
and  collections  of  fossil  fish,  has  been  led  to  results 
■which,  expressed  in  terms  of  his  own  ichthyolo^cal 

isification,  form  remarkable  general  laws.     Thus, 

wording  to  him',  when  we  go  below  the  lias  "^^ 
lose  all  traces  of  two  of  the  four  orders  tmder  which 
he  comprehends  all  known  kinds  of  fish ;  namely,  the 
C^cloidean  and  the  Cteiioidean ;  while  the  other  two 

lors,  rare  in  our  days,  suddenly  appear  in  groat 


i  *  W«  may  observe  that  the  notion  of  paralldisro,  when  applied 
9  llne£  diawn  ou  rtmote  {Hjrtiona  uf  a  glolful;ir  surface,  requires 
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numbers,  together  with  large  sauroid  Qiid  carnivoroua 
fishes.  Cuvier,  in  constructing  his  great  work  on  ich* 
thyology,  transferred  to  M,  Agassiz  the  whole  subject 
of  fossil  fishes,  thus  showing  how  highly  he  esteemed 
his  talents  as  a  naturahst.  And  M.  Agassiz  has  sho'WTi 
himself  worthy  of  his  great  predecessor  in  geological 
natural  history,  not  only  by  his  acuteness  and  acti- 
vity, but  by  the  comprehensive  character  of  hia 
zoological  philosophy,  and  by  the  courage  with  which 
he  has  addressed  himself  to  the  vast  labours  which  lie 
before  him.  In  his  "  Report  on  the  Fossil  Fish  dis- 
covered in  England,"  published  in  1835,  he  briefly 
sketches  some  of  the  large  questions  which  hia 
researches  have  suggested ;  and  then  adds*,  "  Such  is 
the  meagre  outline  of  a  history  of  the  highest  interest, 
full  of  curious  episodes,  but  most  difficult  to  relate. 
To  unfold  the  details  which  it  contains  will  be  the 
3  of  my  life." 


Sect.  2. — Transition  to  Geoloyical  Ih/natnics. 

While  we  have  been  giving  this  account  of  the 
objects  with  which  Descriptive  Geology  is  occupied, 
it  must  have  been  felt  how  difiieult  it  is,  in  contem- 
plating such  facts,  to  confine  ourselves  to  description 
and  classification.  Conjectures  and  reasonings  re- 
specting the  causes  of  the  phenomena  force  them- 
,selves  upon  us  at  every  step ;  and  even  influence  our 
classification  and  nomenclature.  Our  Descriptive 
Geology  impels  us  to  endeavour  to  construct  a  Phy- 


'  Report,  p.  "2. 


GENERAL   LAWS   IN    GEOLOGY.  545 

sical  Geologv.  This  close  connexion  of  tlie  two 
branches  of  the  subject  by  no  means  invalidates  tho 
necessity  of  distinguishing  them :  as  in  Botany, 
although  the  formation  of  a  Natural  System  neces- 
sarily brings  us  to  physiological  relations,  we  still 
distinguish  Systematic  from  Physiological  Botany. 

Supposing,  however,  our  Descriptive  Geology  to 
be  completed,  as  far  as  can  be  done  without  consi- 
dering closely  the  causes  by  which  the  strata  have 
been  produced,  we  have  now  to  enter  upon  the  other 
province  of  the  science,  which  treats  of  those  causes, 
and  of  which  we  have  already  spoken,  as  Physical 
Geohgy.  But  before  we  can  treat  this  department 
of  speculation  in  a  manner  suitable  to  the  conditions 
of  science,  and  to  the  analogy  of  other  parts  of  our 
knowledge,  a  certain  intermediate  and  preparatory 
science  must  he  formed,  of  which  we  shall  now 
consider  the  origin  and  j)rogre8S. 
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CHAPTER  V. 

Inorganic  Geological  Dynamics. 


Sect.  \.^^Nece88ity  and  Object  of  a  Science  of 

Geological  Dynamics. 

When  the  structure  and  arrangement  which  men 
obBerved  in  the  materials  of  the  earth  instigated 
them  to  speculate  concerning  the  past  changes  and 
revolutions  by  which  such  results  had  been  produced, 
they  at  first  supposed  themselves  sufficiently  able  to 
judge  what  would  be  the  effects  of  any  of  the  obvious 
agents  of  change,  as  water  or  volcanic  fire.  It  did 
not  at  once  occur  to  them  to  suspect,  that  their 
common  and  extemporaneous  judgment  on  such 
points  was  far  from  sufficient  for  sound  knowledge ; 
—they  did  not  foresee  that  they  must  create  a  special 
science,  whose  object  should  be  to  estimate  the 
general  laws  and  effijcts  of  assumed  causes,  before 
they  could  pronounce  whether  such  causes  had 
actually  produced  the  particular  facts  which  their 
survey  of  the  earth  had  disclosed  to  them. 

Yet  the  analogy  of  the  progress  of  knowledge  on 
other  subjects,  points  out  very  clearly  the  necessity 
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vf  such  a  science.  AVhen  jilienomeQal  astronomy 
had  arrived  at  a  hi^h  point  of  completeness,  by  the 
labours  of  ages,  and  especially  by  the  discovery  of 
Kepler's  laws,  astronomers  were  vehemently  desiroua 
of  knowing  the  causes  of  these  motions ;  and  san- 
guine men,  such  as  Kepler,  readily  conjectured  that 
the  motions  were  the  effects  of  certain  virtues  and 
influences,  by  which  the  heavenly  bodies  acted  upon 
each  other.  But  it  did  not  at  first  occur  to  him  and 
his  fellow-speculators,  that  they  had  not  ascertained 
what  motions  the  influences  of  one  body  upon 
another  could  produce;  and  tliat,  therefore,  they 
were  not  prepared  to  judge  whether  such  causes 
as  they  spoke  of,  did  really  regulate  the  motions  of 
the  planets. 

Yet  such  was  found  to  be  the  necessary  course  of 
sound  inference.  Men  needed  a  science  of  motion, 
in  order  to  arrive  at  a  science  of  the  heavenly  mo- 
tions :  they  could  not  advance  in  the  study  of  the 
mechanics  of  the  heavens,  till  they  had  learned  the 
mechanics  of  terrestrial  bodies.  And  thus  they 
were,  in  such  speculations,  at  a  stand  for  nearly  a 
century,  from  the  time  of  Kepler  to  the  time  of 
Newton,  while  the  science  of  mechanics  was  formed 
by  Galileo  and  his  successors.  Till  that  task  waa 
executed,  all  the  attempts  to  assign  the  causes  of 
cosmical  phenomena  were  fanciful  guesses  and  vague 
assertions;  after  that  was  done,  they  became  de- 
monstrations. The  science  of  Dummies  enabled 
philosophers  to  pass  securely  and  completely  from 
Phenomenal  AsU'onomif  to  Phifsical  Astrmiomy. 


In  like  niaiinDr.  '.n  order  tliat  we  may  advance 
from  Plienomenal  Geologj-  to  Physical  Geology,  we      I 
need  a  science  of  Geoloffical  Dynamics ; — that  is,  a    J 
science  ^^hich  shall  investigate  and  determine  tlift 
laws    and   consequeneea   of  the   known    caoees  i 
changes  snch  as  those  which  geology  consideis;- 
and  which  shall  do  this,  not  in  an  occasional,  impf 
feet,  and  unconnected  manner,  but  by  systcmati 
complete,  and  conclusive  niethodH", — shall,  in  shoi 
be  a  science,  and  not  a  promiscuous  assemblage 
desultory  essays. 

Tlie  necessity  of  such  a  study,  as  a  distinct  bra 
of  geology,  is  perhaps  hardly  yet  fonnally  recogni 
although  the  researches  which  belong  to  it  have, 
late  years,  assumed  a  much  more  methodical  i 
scientific  character  than  they  before  possessed.     1 
Lyell's  work  on  (ieology  in  particular,  has  eminent 
contributed  to    place   Geological    Dynamics  in 
proper  prominent  position.     Of  the  four  books 
his  Treatise,  tlie  second  and  third    ai-o  upon 
division  of  the  subject ;  the  second  book  treating 
aqueous    and    igneous  causes  of  change,    and    tl 
third,  of  changes  in  the  organic  world. 

There  is  no  difficulty  in  separating  this  auxilia 
geological  science  from  theoretical  geology  itselfi 
which  we  apply  our  principles  to  the  explanation 
tlie  actual  fiicts  of  the  earth's  surface.  The  forni 
if  perfected,  would  be  a  demonstrative  sciei 
dealing  with  general  cases,  the  latter  is  an  ntiologii 
view  liaving  reference  to  special  facts:  the  one  1 
tempts  to  determine  wliat  always  must    be 


ren  conditions :  the  other  is  satisfied  witli  knowing 
At  is  and  has  been,  and  why  it  litis  hct'ii :  tlie  firptt 
dy  has  a  strong  resemhlance  to  niechanics,  thu 
9^er  to  philosophical  antiquarianieni. 

t  this  portion  of  aciciice  is  istill  so  new,  it  in 
'.e]y  possible  to  give  any  historical  acronnt  of  its 
progress,  or  any  complete  survey  of  iiK  Miiapo  ari<l 
component  parts.  I  can  only  attfnijtt  a  few  iioliceH, 
which  may  enable  us  in  some  measure  to  jmlge  to 
what  point  this  division  of  our  subject  is  tending. 

We  may  remark,  in  this  as  in  fonner  caHtis,  tliat 
since  we  have  hera  to  cnnsider  the  formation  and 
progress  of  a  science,  we  must  treat  as  unimportant 
preludes  to  its  historj-,  the  detached  and  casual 
ob9er\'ation8  of  the  efl^ts  of  causes  of  change  which 
we  find  ill  older  writers.  Tt  is  only  wlien  wo  come 
to  systematic  collections  of  information,  such  as  may 
afford  the  means  of  drawing  general  conclusions ;  or 
to  rigorous  deductions  from  known  laws  of  nature; — 
that  we  can  recognise  the  separate  existence  of 
logical  djTiamics,  as  a  path  of  scientific  research, 
"he  following  may  perhaps  suffice,  for  the  present, 
sketch  of  the  subjects  of  which  this  science 
-the  aqueous  causes  of  change,  or  those  in 
ych  water  adds  to,  takes  from,  or  transfers,  the 
k»terials  of  the  land : — the  igneous  causes :  volcanoes, 
,  closely  connected  with  them,  earthquakes,  and 
(  forces  by  which  they  are  produced; — the  calcu- 
i  which  determine,  on  physical  principles,  tho 
sets  of  assumed  mechanical  causes  acting  upon 
ige  portions  of  the  crust  of  the  earth  ; — the  effect 
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of  the  forces,  wliatevei-  they  bo,  which  produce  the  1 
crystalline   texture  of  rocks,  their  fissile  structurft.J 
and  the  seitaration  of  niaterialf,  of  wliich    we  i 
the    results    in    metalliferous   veins.       Again,    the  ' 
estimation  of  the  results  of  changes  of  temperature 
in  the  earth,  whether  operating  by  pressure,  expan- 
sion, or  in  any  other  way ; — the  effects  of  assumedJ 
changes   in  the    superficial    condition,  extent,   audi 
elevation,  of  terrestrial  continents  upon  the  climates 
of  the  earth ;— the  effect  of  nssumed  cosmical  changes 
upon  the  temperature  of  this  planet ;— and  researches 
of  the  same  nature  as  these.  ■ 

These  researches  are  concerned  vnth.  the  causes! 
of  change  in  the  inorganic  world ;  but  the  subject 
requires    no    less   that    we    should    investigate   the 
causes  which  may  modify  the  forms  and  condition 
of  organic  things;  and  in  the  large  sense  in  which 
we  have  to  use  the  phmse,  we  may  include  researches 
on  such  subjects  also  as  iiarts  of  geological  dynamics, 
although,  in  truth,  this  department  of  physiology  has 
been  cultivated,  as  it  well  deserves  to  be,  indepen- 
dently of  its  bearing  upon  geological  theories.     The 
great  problem  which  offers  itself  here,  in  reference 
to  geology,  is,  to  examine  the  value  of  any  hypothesesJ 
by  which  it  may  be  attempted  to  explain  the  euoM 
cession  of  different  races  of  animals  and  plants  m 
different  strata;  and  though  it  may  bo  difficult,  in 
this  inquir}-,  to  arrive  at  any  positive  result,  we  may  . 
at  least  be  able  to  show  the  improbability  of  soul 
conjectures  which  have  been  propounded. 

I  shall  now  give  a  very  brief  account  of  some  0 
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tlie  attempts  maile  in  these  various  departments  of 
this  province  of  our  knowledge ;  and  in  the  present 
chapter  of  inorganic  changes. 

^V  Sect.  2. — Aqueous  Causes  of  Change. 

The  controversies  to  which  the  various  theories  of 
geologists  gave  rise,  proceeding  in  various  ways  upon 
the  effects  of  the  existing  causes  of  change,  led  men 
to  observe,  with  some  attention  and  perseverance, 
the  actual  operation  of  such  causes.  In  tliis  way, 
the  known  effect  of  the  Rhine,  in  filling  up  the  lake 
of  Geneva  at  its  upper  extremity,  was  referred  to  by 
De  Luc,  Kirwan,  and  others,  in  their  dispute  with 
the  Huttonians;  and  attempts  were  even  made  to 
calculate  how  distant  the  ])eriod  was,  when  this 
alluvial  deposit  first  began.  Other  modern  obser^'ers 
have  attended  to  similar  facts  in  the  natural  history 
of  rivers  and  seas.  But  the  subject  may  be  con- 
sidered as  having  first  assumed  its  proper  form,  when 
taken  up  by  Mr.  Von  llof ;  of  whose  "  History  of 
the  Natural  Changes  of  the  Earth's  Surface  which 
are  proved  by  Ti-aditiou,"  the  first  jiart,  treating  of 
aqueous  changes,  appeared  in  1822.  This  work  was 
occasioned  by  a  Prize  Question  of  the  Royal  Society 
of  Gfiittingen,  promulgated  in  1818;  in  which  these 
changes  were  proposed  as  the  subject  of  inquiry,  with 
a  special  reference  to  geology.  Altliough  Von  Hof 
does  not  attempt  to  establish  any  general  inductions 
upon  the  facts  which  his  book  contains,  the  collec- 
tion of  such  a  body  of  facts  gave  almost  a  new  aspect 
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to  the  sulyect,  by  showing  that  changes  in  the  rel 
live  extent  of  land  and  water  were  going  on  nt  cve^ 
time,  and  almost  at  every  place ;  and  that  mutability 
and  fluctuation  in  the  form  of  the  solid  parts  of  t] 
earth,  which  had  lieen  supposed  by  most  persons 
be  a  rare  exception  to  the  common  course  of  oreni 
waa,  in  fact,  the  universal  rule.  But  it  was  W 
Lyell's  "  Principles  of  Geology,  being  an  attempt 
explain  the  former  Changes  of  the  Earth's  SuHa 
by  tlie  Causes  now  in  action,"  (of  which  the  fii 
volume  was  j)ublished  in  1830,)  which  disclosed  tJ 
full  effect  of  such  researches  on  geology ;  and  wht 
attempted  to  present  such  assemblages  of  s]>ec 
facts,  as  examples  of  general  laws.  Thus  this  wo 
may,  as  wo  have  said,  be  looked  upon  as  the  beginnii 
of  Geological  Dynamics,  at  least  among  us.  Su 
generalisations  and  apjdications  as  it  contains  gi' 
the  most  lively  interest  to  a  thousand  obserratic 
respecting  rivers  and  floods,  mountains  and  morasa 
which  otherwise  appear  witliout  aim  or  meanin 
and  thus  this  department  of  science  cannot  fail 
be  constantly  augmented  by  contributions  from  evi 
side.  At  the  same  time  it  is  clear,  that  these  w 
tributions,  voluminous  as  they  must  become,  nm 
from  time  to  time,  be  resolved  into  laws  of  gren 
and  greater  generality;  and  that  thus  alone  1 
jirogress  of  this,  as  of  all  other  sciences,  can 
furthered. 

I  need  not  attempt  any  detailed  enumeration  of 
the  modes  of  aqueous  action  which  are  lien.'  to  be 
considered.    Some  are  destructive,  as  when  the  riv 
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erode  the  channels  in  which  they  flow ;  or  when  the 
waves  of  the  ocean,  by  their  perj>etual  assault, 
shatter  the  shores,  and  carry  the  ruins  of  them  into 
the  abyss  of  the  ocean.  Some  o|>eration8  of  the 
water,  on  the  other  )ian<l,  add  to  the  land ;  as  when 
deltas  are  formed  at  the  mouths  of  rivers,  or  when 
calcareous  springs  form  deposits  of  travertin.  Even 
when  bound  in  icy  fetters,  water  is  by  no  means 
deprived  of  its  active  power ;  the  glacier  carries  into 
tho  valley  mainscs  of  its  native  mountain,  and  often 
floats  with  a  lading  of  such  materials  far  into  the 
seas  of  the  temperate  zone.  It  is  indisputable  that 
vast  beds  of  worn-down  fragments  of  t!io  existing 
laud  are  now  fonning  into  strata  at  the  bottom  of 
the  ocean  ;  and  that  many  other  effects  are  con- 
stantly produced  by  existing  aqueous  causes,  which 
resemble  some,  at  least,  of  the  facts  which  geology 
^^bu  to  explain. 

^^K'AUhough  the  study  of  the  common  operations  of 
^^pttter  may  give  the  geologist  such  an  acquaintance 
with  tho  laws  of  his  subject  as  may  much  aid  his 
judgment  respecting  the  extent  to  which  such  effects 
may    proceed,    a   long  course    of    observation   and 
thouglit  must  be  requisite   before  such  operations 
can  be  analyzed  into  their  fundamental  principles, 
^Bwd  become  the  subjects  of  calculation,  or  of  rigorous 
^B^BBoning  in  any  manner  which    is  as  preciso  and 
certain  as  calculation.     Various  portions  of  hydrau- 
lics have  an  important  bearing  upon  those  subjects, 
icltiding  some  researches  which  have  been  pursued 
ith  no  small  labour  by  engineers  and  mathenia- 
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'  ticians ;  as  the  pftbcts  of  cnrrents  and  waves,  llic 
laws  of  tides  and  of  rivers,  mid  many  idmiiar  pro- 
blonis.  In  tnitli,  however,  siioh  stibjects  Iiavc  not 
ItiCherto  been  treated  by  niatheinatieians  with  mud 
mccess;    and    probalily   several    generatioos   mnit 

lelapse  before  this  portion  of  geolo^eal  dynainles  can 

I  become  an  exact  Bcience. 

Sect.  3. — Igneous  Causes  of  Change-— Motions  of 
(he  EarOis  Suiface. 

|Tiie  effects  of  volcanoes  have  long  been  noted  a« 

mportaiit  and  striking  features  in  the  phvpical  hit- 

Itory  of  our  globe;  and  the  probability  of  their  con- 

I  nexion  witli  many  geologioal  j)henomena,  tuu)  not 

I  BBcaped  notice  at  an  early  period.     But  it  was  not 

itill  more  recent  times,  that  the  full  import  of  Uiwe 

■■phenomena  was  ajipreliencied.     Tlie  person  who  Bret 

Elooked  at  such  operations  with  that  commanding 

;eueral  view  which  showed  their  extensive  connexion 

l-witU  pliysical  geology,  wae    Alexander  von  Htun- 

lioldt,  who  explored  the  volcanic  phenomena  nf  the 

New  World,  from  1799  to  1804.     He  romarkod' 

he  linear  distribution  of  volcanic  domes,  considering 

ihem  as  vents  placed  along  the  edge  of  vast  Besure* 

»mmanicnting  with  reservoirs  of  igneous  matter, 

jid  extending  across  whole  continents.    He  oltserved, 

also,  the  frequent  sympathy  of  volcanic  and  lorrt-mft- 

tiv©  action  in  remote  districts  of  the  eartli's  mtrface, 

|.thus  showing  how  deeply-seated  must  I>o  tlie  cause 

'  Hnmbotdt,  II«lAtion  Uiatorique ;  onil  Us  other  works. 


r"  these  comiilsions.  Theso  views  strongly  excited 
and  influenced  the  speculations  of  geologists;  and 
since  then,  phenomena  of  this  kind  Lave  been  col- 
lected into  a  general  view  as  parts  of  a  natural  his- 
torical Bcicnee.  Von  Ilof,  in  the  second  volume 
of  the  -work  already  mentioned,  was  one  of  the 
first  who  did  this;  "At  least,"  he  himself  says', 
(1824,)  '•  it  was  not  known  to  him  that  any  one 
before  him  had  endeavoured  to  combine  eo  large  a 
mass  of  facts  with  the  general  ideas  of  the  natural 
philosojiher,  so  as  to  form  a  whole."  Other  at^ 
tempts  were,  however,  soon  made.  In  1825,  M. 
von  Ungem-Stemberg  published  his  book  "  On  the 
Nature  and  Origin  of  Volcanoes',"  in  which,  ho  says, 
his  object  is,  to  give  an  empirical  representation  of 
these  ptienomena.  In  the  same  year,  Mr.  Poulett 
Scrope  published  a  work  in  which  he  described  the 
known  facts  of  volcanic  action ;  not,  however,  con- 
fining himself  to  description  ;  his  purpose  being,  as 
his  title  states,  to  consider  "  the  probable  causes  of 
their  phenomena,  the  laws  which  determine  their 
march,  the  disposition  of  their  products,  and  their 
connexion  with  the  present  state  and  past  history  of 
the  globe ;  leading  to  the  establishment  of  a  new 
theory  of  the  earth."  And  in  1820,  Dr.  Daubony, 
of  Oxford,  produced  "  A  Description  of  Active  and 
Ertinct  Volcanoes,"  including  in  the  latter  phrase, 
the  volcaruc  rocks  of  central  France,  of  the  Rliine, 

•  Vol.  ii.  Prop.  5. 

■  Werden  und  Seyn  des  Yutkunlschen  GcbirgeB,  Carlsnibe, 
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of  nnrthcrn  and  central  Italy,  and  maoy  other  conn- 
Indeed,  the  near  connexion  between  tlie  vol- 
i^anic  ettects  now  going  on,  and  those  by  which  the 
iltic  rocks  of  Auvergne  and  many  other  placet 
,d  been  produced,  was,  by  this  time,  no  longer 
'doubted  by  any;  and  therefore  the  Hne  which  here 
parates  the  study  of  existing  causes  from  that  of 
i8t  eilects  may  seem  to  melt  away.     But  yet  it  is 
manifest  that  the  assumption  of  an  identity  of  scale 
and  mechanism  between  volcanoes  now  active,  aiid 
the  igneous  catastrophes  of  which  the  products  have 
survived  great  revolutiong  on  the  earth's  surface,  is 
typothetieal ;  and  all  which  depends  on  this  assnmp- 
IJon  belongs  to  theoretical  geology. 

Coniining  ourselves,  then,  to  volcanic  effects 
which  have  been  produced,  certainly  or  probably, 
tenco  the  earth's  surface  assumed  its  preseut  form, 
■e  have  still  an  ample  exhibition  of  powerful  causes 
of  change,  iu  the  streams  of  lava  and  other  materials 
emitted  in  eruptions;  and  still  more  in  the  earth- 
ijuakes  which,  as  men  easily  satisfied  themselves,  are 
iduced  by  the  same  causes  as  the  eruptions  of 
'olcanio  fire. 

Sir.  Lyell's  work  was    important  in  this   as   in 

other  portions  of  this  subject.      He  extended  the 

(ponceptiona   previously   entertained  of   the    efTccts 

'hich  such  causes  may  jiroduce,  not  only  by  shoving 

great  these  operations  are  historically  known  to 

been,  and  bow  constantly  they  are  going  on,  if 

'e  take  into  our  survey  the  whole  Burfacc  of  Ihc 

th ;  but  still  more,  by  urging  the  consequence's 
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■which  would  follow  in  a  long  course  of  time  from 
the  constant  repetition  of  operations  in  themselves 
of  no  extraordinary  amount.  A  lava-stream  many 
miles  long  and  wide,  and  several  yards  deep,  a 
subsidence  or  elevation  of  a  portion  of  the  earth's 
surface  of  a  few  feet,  are  by  no  means  extraordinary 
facts.  Let  these  operations,  said  Mr.  Lyell,  be  re- 
peated thousands  of  times ;  and  we  have  results  of 
the  same  order  with  the  changes  whicli  geology 
discloses. 

The  most  mitigated  earthquakes  have,  however,  a 
character  of  violence.  But  it  has  been  thought  by 
many  philosophers  that  there  is  evidence  of  a  change 
of  level  of  the  land  in  cases  where  none  of  these 
violent  operations  are  going  on.  The  most  cele- 
brated of  these  cases  is  Sweden ;  the  whole  of  the 
land  from  Gottenburg  to  the  north  of  the  Gulf  of 
Bothnia  has  been  supposed  to  he  in  the  act  of 
rising,  slowly  and  iusensibly,  irom  the  surrounding 
waters.  The  opinion  of  such  a  change  of  level  has 
loug  been  the  belief  of  the  inhabitants ;  and  was 
maintained  by  Celsius  in  the  beginning  of  the 
eighteentii  century.  It  has  since  been  conceived  to 
be  confirmed  by  various  observations  of  marks  cut 
on  the  face  of  the  rock ;  beds  of  shells,  such  as  now 
live  in  tlie  neighbouring  seas,  raised  to  a  consider- 
able height;  and  other  indications.  Some  of  these 
proofs  appear  doubtful ;  but  Mr.  Lyell,  after  examin- 
ing the  facts  upon  the  spot  in  1834,  says,  "  In  regard 
to  the  proposition  that  the  laud,  in  certain  parts  of 
Sweden,  is  gradually  rising,  I  have  no  hesitation  in 
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assenting  to  it,  after  my  visit  to  the  clistrietB  above 
alluded  to'."  If  this  conclusion  1k!  generally  ac- 
cepted by  geologists,  we  have  here  a  daily  example 
of  the  operation  of  some  powerful  agent  which  be- 
longs to  geological  dynamics ;  and  which  for  the 
I)urpose8  of  the  geological  theorist,  does  the  work  of 
the  earthquake  upon  a  very  large  scale,  without 
assuming  its  terrors. 

Speculations  concerning  the  causes  of  volcanoes 
and  earthquakes,  and  of  the  rising  and  sinking  of 
land,  arc  a  Ijighly-important  portion  of  this  science, 
at  least  as  far  as  the  calculation  of  the  possible 
results  of  definite  causes  is  concerned.  But  the 
various  hypotheses  which  have  been  propounded  on 
this  subject  can  hardly  be  considered  as  sufficiently 
matured  for  such  calculation.  A  mass  of  matter  in 
a  state  of  igneous  fusion,  extending  to  the  centre  of 
the  earth,  even  if  we  make  such  an  hypothesis,  requires 
some  additional  cause  to  produce  eruption.  The 
supposition  that  this  fire  may  be  produced  by  in- 
tense chemical  action  between  combining  element^  , 
requires  further,  not  only  some  agency  to  bring 
together  such  elements,  but  some  reason  why  they 
should  be  originally  separate.  And  if  any  other 
causes  have  been  suggested,  as  electricity  or  mag^ 
netiam,  this  has  been  done  so  vaguely  as  to  elude  sfl  I 
possibility  of  rigorous  deduction  from  the  hi-pothesta. 
The  doctrine  of  a  central  heat,  however,  has  occupied 
so  considerable  a  place  in  theoretical  geolog^',  that 
t  ought  undoubtedly  to  form  an  article  in  geological 
dynamics. 


( 
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Sect.  4. — The  Dodi-ine  of  Central  Heat. 

early  geological  theorists  who,  like  Leibnitz 
and  Buffon,  assumed  that  the  earth  was  originally  a 
mass  iu  a  state  of  igneous  fusion,  naturally  went  on 
to  deduce  from  thia  hy])othesi8,  that  the  crust  con- 
solidated and  cooled  before  the  interior,  and  that 
there  might  still  remain  a  central  heat,  capable  of 
producing  many  important  effects.  But  it  is  in 
more  recent  times  that  we  have  measures  of  such 
effects,  and  calculations  which  we  can  compare  with 
measures.  It  was  found,  as  we  have  said,  that  in 
descending  below  the  surface  of  the  earth,  the  tem- 
perature of  its  materials  increased.  Now  it  followed 
from  Fourier's  mathematical  investigations  of  the 
distribution  of  heat  in  the  earth,  that  if  there  be 
no  primitive  heat,  (chak-ur  d'origiiie,)  the  temperature, 
when  we  descend  below  the  crust,  will  be  constant 
in  each  vertical  Une.  Hence  an  observed  increase 
of  temperature  in  descending-,  appeared  to  point  out 
a  central  heat  resiUtiug  from  some  cause  now  no 
longer  in  action. 

Tlie  doctriue  of  a  central  heat  has  usually  been 
combined  with  the  supposition  of  a  central  igneous 
fluidity  ;  for  the  heat  in  the  neighbourhood  of  the 
centre  must  be  very  intense,  according  to  any  law  of 
its  increase  in  descending  which  is  consistent  with 
known  principles.  But  to  this  central  fluidity  it 
has  been  objected  that  such  a  fluid  must  be  in  con- 
stant circulation  by  the    cooling   of    its    exterior. 
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Mr.  Daniell  found  this  to  be  the  case  in  all  fused ', 
metals.     It  has  also  been  objected  that  there  must 
be,  in  such  a  central  fluid,  fides  produced  by  the*] 
moon  and  sun ;    but  this  inference   would  require 
several  additional  suppositions  and   calculations  to 
give  it  a  precise  form. 

Again,  the  supposition  of  a  central  heat  of  the 
earth,  considered  as  the  effect  of  a  more  ancient  state 
of  its  mass,  appeared  to  indicate  that  its  cooling  must 
still  be  going  on.  But  if  thiy  were  so,  the  eartii 
might  contract,  as  most  bodies  do  when  they  cool ; 
and  this  contraction  might  lead  to  mechanical  results, 
as  the  shortening  of  the  day.  Laiilace  satisfied  him- 
self, by  reference  to  ancient  astronomical  records,  that 
no  Buch  alteration  in  the  length  of  the  day  had  taken 
place,  even  to  the  amount  of  one  two-hundredth 
of  a  second  ;  and  thus,  there  was  here  no  confirma- 
tion of  the  hypothesis  of  a  primitive  heat  of  the 
earth. 

Though  we  find  no  evidence  of  the  secular  con-  ' 
traction  of  the  earth  in  the  observations  with  which 
astronomy  deals,  there  are  some  geological  facta 
which  at  first  appear  to  point  to  the  reality  of  a  re- 
frigeration within  geological  periods;  as  the  exist- 
ence of  the  remains  of  plants  and  shells  of  tropical' ' 
climates,  in  the  strata  of  countries  which  are  now 
near  to  or  within  the  frigid  zones.  These  facts 
however,  have  given  rise  fo  theories  of  the  changes 
of  climate,  which  we  must  consider  separately. 

But  we  may  notice,  as  connected  H-ith  the  doc- 
trine of  central  heat,    the  manner  in  which   tfiis 
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hjpothesis  has  been  applied  to  explain  volcanic  and 
geological  phenomt-na.  It  does  not  enter  into  my 
plan,  to  consider  exjdanations  in  whieli  this  central 
heat  is  supposed  to  give  rise  to  an  exjtansive  force', 
without  any  distinct  reference  to  known  physical 
laws.  But  we  may  notice,  as  more  likely  to  become 
useful  materials  of  the  science  now  before  us,  such 
speculations  as  those  of  Mr.  Bablwige';  in  which  he 
combines  the  doctrine  of  central  heat  with  other 
physical  laws ;  as,  that  solid  rocks  ej-pand  by  being 
heated,  but  that  clay  contracts ;  that  different  rocks 
and  strata  conduct  heat  differently ;  that  the  earth 
radiates  heat  differently,  or  at  different  parts  of  its 
surface,  according  as  it  is  covered  with  foi-eats,  with 
mountains,  with  deserts,  or  with  water.  These  prin- 
ciples, applied  to  large  masses,  such  as  those  which 
constitute  the  cnist  of  the  earth,  might  give  rise  to 
changes  as  great  as  any  which  geology  discloses. 
For  example:  when  the  bed  of  a  sea  is  covered  by 
a  thick  deposit  of  new  matter  worn  from  the  shores, 
the  strata  below  the  bed,  being  protected  by  a  bad 
conductor  of  heat,  will  be  heated,  and,  being  heated, 
may  be  expanded;  or,  as  Sir  J.  Ilerechel  has  ob- 
served, may  produce  explosion  by  the ,  conversion  of 
their  moisture  into  steam.  Such  speculations,  when 
founded  on  real  data  and  sound  calculations,  may 
hereafter  be  of  material  use  in  geology. 


'  Scrope  on  Volcanoes,  p.  J92. 

'  On  the  Temple  of  Sernpia,  1834.  Sec  also  Journal  of  the 
Royal  Inst.  yoI.  ii.,  quoted  in  Conyb.  and  Pli.  p.  xr.  Lyell, 
B.  ii.  c.  xix.  p.  383,  on  txpnnsion  of  stone. 
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The  doctrine  of  central  heat  and  fluidity  has  t 
rejected  hy  some  eminent  philosojihers.  Mr.  LyeU'f 
reaeous  for  this  rejection  belong  rather  to  Theoretic! 
Gteology ;  but  I  may  Iiere  notice  M.  Poisson's  opinioih' 
He  does  not  assent  to  the  conclusion  of  Fourier,  tliaft 
since  the  temperature  increases  in  descending,  thei 
must  be  some  primitive  central  heat.  On  the  coi 
trary,  he  considers  that  such  an  increase  may  arii 
from  this ; — that  the  earth,  at  some  former  periodi 
passed  (by  the  motion  of  the  solar  system  in  the  mil* 
verse,)  through  a  portion  of  space  which  was  warraa 
tlian  the  space  in  ivhich  it  now  revolves  (by  ^easo^ 
it  may  be,  of  the  heat  of  other  stars  to  which  it  i 
then  nearer).  He  supposes  that,  since  such  a  period, 
the  surface  has  cooled  down  by  the  influence  of  the 
surrounding  circumstances;  while  the  interior,  for  »J 
certain  unknown  depth,  retains  the  trace  of  tlu 
former  elevation  of  temperature.  But  this  aasum^ 
tion  is  not  likely  to  expel  the  beUef  in  the  ten 
trial  origin  of  the  subterraneous  heat.  For  ' 
supposition  of  such  an  inequality  in  the  temperatu^ 
of  the  different  regions  in  which  the  solar  system  d 
placed  at  different  times  is  altogether  arbitrary; 
and,  if  pushed  to  the  amount  to  which  it  must  be 
carried,  in  order  to  account  for  the  jihenomenon,  is 
highly  improbable'.     The  doctrine  of  central  heat. 


'  For  this  liyjiotht-sis  would  make  it  necessary  to  suppose 
tliHt  the  eiirlh  Las,  at  some  former  period,  derived  from  some 
other  star  or  stars  more  heat  tliiin  slie  now  derives  from  the  sun. 
But  this  would  imply,  as  highly  prohable,  that  at  sotne  petiod  1 
some  other  star  or  stars  must  have  produced  also  a  mtckanhl 
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on  the  other  hand,  {which  need  not  be  conceived  as 
impliing  the  unitersal  fluidity  of  the  moss,)  is  not 
only  naturally  suggested  by  the  subterraneous  in- 
crease of  temperatures,  but  explains  the  spheroidal 
figure  of  the  earth ;  and  fells  in  with  almost  any 
theory  which  can  be  devised,  of  volcanoes,  eartb- 
quakeB,  and  great  geological  changes. 

Sect.  5, — Problems  inspecting  Elevatiotts  and 
Crystalline  Forces. 

Other  problems  respecting  the  foi-cea  by  which 
great  masses  of  the  earth's  crust  have  been  displaced, 
have  also  been  solved  by  various  mathematicians. 
It  has  been  maintained  by  Vou  Buch  that  there 
occur,  in  various  places,  o'aters  of  elevation ;  that  is, 
mountain-masses  resembling  the  craters  of  volcanoes, 
but  really  produced  by  an  expansive  force  from 
below,  bursting  an  aperture  through  horizontal  strata, 
and  elevating  them  in  a  conical  form.  Against  this 
doctrine,  as  exemplified  in  the  most  noted  instances, 
strong  arguments  have  been  adduced  by  other  geolo- 
gists. Yet  the  jirotrusion  of  fused  rock  by  subter- 
raneous forces  upon  a  large  scale  is  not  denied :  and 
how  far  the  examples  of  such  operations  may,  in  any 
cases,  be  termed  craters  of  elevation,  must  be  con- 
sidered as  a,  question  not  yet  decided.    On  the  sup- 

efiect  Upon  ihe  solar  system,  greater  than  the  effect  of  Ihe  BUB. 
Now  such  a.  past  operation  of  forces,  fitted  to  obliterate  all  order 
and  symmetry,  is  quite  inconsistent  with  the  simple,  regular, 
and  symmetrical  relation  which  the  whole  solar  system,  as 
as  Unmns,  bears  to  the  present  central  body. 


position  of  the  truth  of  Von  Buch's  doctrine,  M.  de  ^ 
Beaumont  has  calculated  the  relations  of  position, 
the  fissures,  &c.,  which    would    arise.      And    Mr. 
Hopkins',    of    Cambridge,    has    investigated 
much  more  general  manner,  upon  mechanical  priinfl 
ciples,  the  laws  of  the  elevations,  fissures,    fault8K,| 
veins,  and  other  phenomena  which  would  result  froi| 
an  elevatory  force,  acting  simultaneously  at  everj 
point  beneath  extensive  portions  of  the  cnist  of  the 
earth.     An  application  of  mathematical  reasoning  to 
the  illustration  of  the  phenomena  of  veins  had  before 
been  made  in  Germany  by  Schmidt  and  Zimmer- 
man '.     But    the   conclusions   which    Mr.  Hopkins 
has  obtained,  respecting  the  two  sets  of  fissures,  at  i 
right  angles  to  each  other,  whicli  would  in  genenti 
be  produced  by  such  forces  as  ho  supposes,  offer  altl 
interest  and  instruction  altogether  new,  to  be  derive!  1 
from  their  comparison    with  the  geological  pheno*J 
mena  of  various  districts. 

Other  forces,  still  more  obscure  in  their  natorej 
and  laws,  have  played  a  very  important  part  in  t\» 
formation  of  the  earth's  crust.    I  speak  of  the  forcBi 
by  which  the  crystalline,  slaty,  and  jointed    strw 
ture  of  mineral  masses  has  been  produced.     Thea^l 
forces  are  probably  identical,  on  the  one  hand,  with  i 
the  cohesive   forces  from  which  rocks  derive  thd^ 
solidity  and  their  physical  properties;  while,  on  thsj 
other  hand,    they  are  closely  connected    with 


"  Triitis.  Canib.  Phil.  Soc  vol.  vi.  imij. 
*  Phi!.  Mog.  July,  183(j,  p.  2. 
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forces  of  rhemicsl  xttiartton.  No  atietn|tt«i.  of  ta>j 
locid  and  hopeiii]  kind,  hare  yet  been  made  to  bring 
such  force*  under  definite  mechanica)  conceptious: 
and  perltaps  mineralogr,  to  which  science,  as  the 
point  of  junction  of  chemistir  and  crrstallogmphT, 
such  attempts  would  belonjr.  is  hardly  yot  rijw  fiir 
such  speculations.  But  when  we  look  at  the  uni- 
versal  pre^'alence  of  crrstalline  fomis  and  clenvajres, 
at  the  extent  of  the  pheoomena  of  slaty  cleaMiye, 
and  at  the  se^n^ation  of  special  minerals  into  veins 
and  nodules,  which  has  taken  place  in  some  unknown 
manner,  we  cannot  doubt  that  the  forces  of  which 
we  now  speak  have  acted  very  widely  and  eiiei^ti- 
cally.  Any  elucidation  of  their  nature  would  be  an 
important  step  in  geological  draamics, 

^t         Sect.  6- — Theories  of  Changes  of  Climate. 


As  we  have  already  stated,  geology  offers  to  us 
strong  evidence  that  the  climate  of  the  ancient 
periods  of  the  earth's  history  was  hotter  than  that 
which  now  exists  in  the  Kama  countriee.  This,  and 
other  circumstances,  have  led  geologists  to  the  in- 
vestigation of  the  effects  of  any  hypothetical  causes 
of  such  changes  of  condition  in  respect  of  lieat. 

The  love  of  the  contemplation  of  geometrlcBl 
symmetry,  as  well  as  other  reasons,  snggested  the 
hypothesis  that  the  earth's  axis  had  originally  no 
obliquity,  but  was  jierpendicular  to  the  equator. 
Such  a  construction  of  the  world  had  been  thought  of 
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before  the  time  of  Milton",  as  what  might  be  sup* 
posed  to  have  existed  when  man  was  expelled  froBfr 
Paradiee ;  and  Bttmet,  in  his  Sacred  Theory  of  fJUt 
Earth,  (1690.)  adopted  this  notion  of  the  paradisiaod* 
condition  of  the  globe : 

Tlie  spring 
Perpetual  smiled  on  earth  with  rerdant  flowerB, 
Equal  in  days  and  nigbia. 

In  modem  times,  too,  some  persona  have  bedft,' 
disposed  to  adopt  tliis  hypothesis,  because  they  havil 
conceived  that  the  present  polar  distribution  of  ligh|! 
is  inconsistent  ■nith  the  production  of  the  fosol 
plants  which  are  found  in  those  regions",  even  if 
we  could,  in  some  other  way,  account  for  the  changft 
of  temperature.  But  this  alteration  in  the  axis  t 
revolution  could  not  take  place  without  a  subversioa' 
of  the  equilibrium  of  the  surface,  such  as  does  not 
appear  to  have  occurred  ;  and  the  change  has  of  late; 
been  generally  declared  impossible  by  physici 
astronomers. 

The  effects  of  other  astronomical  changes  have 
been  calculated  by  Sir  John  Ilerschel.  He  hsfl' 
examined,  for  instance,  the  thermotical  consequences 
of  the  diminution  of  the  eccentricity  of  the  earth's 
orbit,  which  has  been  going  on  for  ages  beyond  the 
records  of  history.     He  tinds"  that,  on  this  sccoua^'J 

"  Some  Bay  he  hade  his  angels  fum  askance  ^ 

The  poles  of  earth  twice  ten  degrees  and  more 
From  the  sun's  axle,  &c. — Paradise  ImjI,  x.  214. 

"  Ljel!,  i.  155.     Lindiey,  Fossil  Flora. 

'»  Geo).  Tr.  vol.  iii.  p.  295. 


the  annual  effect  of  aohir  radiation  would  iitcreiuiti 
as  wc  ffo  back  to  remoter  periods  of  the  i»8t ;  but 
(probably  at  least)  not  in  a  dogrue  auflioioiit  to 
aooount  for  the  apparent  ]wst  changes  of  climate. 
He  finds,  however,  that  tliough  the  effect  of  thiu 
change  on  the  mean  temiioratnro  of  the  year  may 
be  small,  the  effect  on  the  extreme  toinperaturo  of 
the  seasons  will  be  nnteli  more  conmdcrahlu;  **  lo 
as  to  produce  alternately,  in  tho  same  latitude  of 
either  bemiBpIioro,  a  perpetual  spring,  or  the  extreme 
vicissitudes  of  a  burning  Rummer  and  a  rigorous 
winter"." 

Mr.  Lyell  has  traced  tho  eonserjuences  of  another 
hypothesis  on  this  Bubject,  which  appears  at  first 
sight  to  promise  no  vary  striking  results,  hut  which 
yet  is  found,  upon  cxannnation,  tu  involve  adequate 
causes  of  very  great  changes :  I  refer  to  tlie  suj)- 
posed  various  distribution  of  land  and  water  at  dif- 
ferent periods  of  the  oarth'ti  history.  If  the  land 
were  all  gathered  into  tho  neighbourhood  of  tho 
poles,  it  would  become  the  neat  of  constant  ice  and 
Know,  and  would  thus  very  greatly  reduce  tho  toin- 
peraturo of  the  whole  surface  of  tho  globe.  If,  on 
the  other  hand,  the  polar  regions  were  principally 
water,  while  the  tropics  wen-  occupied  with  a  belt 
of  land,  there  would  be  no  part  of  the  eartli's  surface 
on  which  the  frost  could  fasten  a  firm  hold,  while 
tho  torrid  zone  would  act  like  a  furnace  to  heat  the 
whole.  And,  supposing  a  cycle  of  terrestrial  changes 
L  which  these  conditions  sliould  succeed  each  other. 
"  GcoL  Tr.  vol.  iJL  p.  2S>8. 
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the  winter  and  summer  of  this  "  great  year,"  might 
differ  much  more  than  the  elevated  temperature 
which  we  are  led  to  ascribe  to  former  periods  of  the 
globe,  can  be  judged  to  have  differed  from  the  pre- 
sent state  of  things. 

The  ingenuity  and  plausibility  of  this  theory  can- 
not be  doubted :  and  perhaps  its  results  may  here- 
after be  found  not  quite  out  of  the  reach  of  calcula- 
tion. Some  progress  has  already  been  made  in 
calculating  the  movement  of  heat  into,  through,  and 
out  of  the  earth;  but  when  we  add  to  this  the 
effects  of  the  currents  of  the  ocean  and  the  atmo- 
sphere, the  problem,  thus  involving  so  many  ther- 
motical  and  atmological  laws,  operating  under  com- 
plex conditions,  is  undoubtedly  one  of  extreme 
difficulty.  Still,  it  is  something,  in  this  as  in  all 
cases,  to  have  the  problem  even  stated;  and  none 
of  the  elements  of  the  solution  appears  to  be  of  such 
a  nature,  that  we  need  allow  ourselves  to  yield  to 
despair,  respecting  the  possibility  of  dealing  with  it 
in  a  useful  manner,  as  oiir  knowledge  becomes  more 
complete  and  definite. 


:ap8  in  extending  the  term  Geological  Dynamic» 
Jtlie  causes  of  clianges  in  organized  beings,  I  shall 
be  thought  to  be  employing  a  forced  and  inconvenient 
phraseology.  But  it  will  be  found  that,  in  order  to 
treat  geology  in  a  truly  scientific  manner,  we  must 
bring  together  all  the  classes  of  speculations  con- 
cerning known  causes  of  change ;  and  the  Organic 
Dynamics  of  Geology,  or  of  Geography,  if  the  reader 
prefers  the  word,  appears  not  an  inappropriate  phrase 
for  one  part  of  this  body  of  researches. 

As  has  already  been  said,  the  species  of  plants  and 
animals  which  are  found  imbedded  in  the  strata  of 
the  earth,  are  not  only  different  from  tliose  which 
now  live  in  the  same  regions,  but,  for  the  most  part, 
different  from  any  now  existing  on  the  face  of  the 
earth.  The  remains  which  we  discover  imply  a  past 
state  of  things  different  from  that  which  now  pre- 
vails ;  they  imply  also  that  the  whole  organic  creation 
has  been  renewed,  and  that  tliis  renewal  has  taken 
place  several  times.  Such  extraordinarj'  general 
facts  have  naturally  put  in  activity  veiy  bold 
speculations. 


I 


But,  as  has  already  been  saiJ,  we  cannot  speculate, 
upon  such  facts  in  the  past  history  of  the  g!oI 
■without  taking  a  large  survey  of  its  present  coi 
dition.  Does  the  present  animal  and  vegetabl*' 
population  differ  from  the  past,  in  the  same  way  in 
which  the  products  of  one  region  of  the  existing 
earth  differ  from  those  of  another?  Can  the  creation 
and  diffusion  of  the  fossil  species  be  explained  in  the 
same  manner  as  the  creation  and  diffusion  of  thei 
creatures  among  which  we  live?  And  these  quM*' 
tions  lead  us  onwards  another  step,  to  ask. — What 
are  the  laws  by  which  the  plants  and  animals  of 
diflferent  parts  of  the  earth  differ?  Wliat  was  the 
manner  in  which  they  were  originally  diffused?-^ 
Thus  we  have  to  include,  as  portions  of  our  subject 
the  Oeography  of  Planis,  and  of  Animals,  and  th« 
history  of  their  changB  and  d'ifusion ;  intending  by- 
the  latter  subject,  of  course,  paleetiologka!  history,—* 
the  examination  of  tlie  causes  nf  whnt  has  occurred, 
and  the  inference  of  past  events,  froni  what  we  know 
of  causes. 

It  is  unnecessary  for  me  to  give  at  any  length  ■ 
statement  of  the  problems  which  are  included  in  theM 
branches  of  science,  or  of  the  progress  which  has  been 
made  in  them;  since  Mr.  Lyell,  in  his  work  on 
Geology,  has  treated  these  subjects  in  a  very  abls 
manner,  and  in  the  same  point  of  view  in  which  I 
am  thus  led  to  consider  them.  I  will  only  briefly 
refer  to  some  points,  availing  myself  of  his  labouw 
and  his  ideas. 


1 


*  Sect.  2. — Geography  of  Pfanh  atid  Animah. 

"With  regard  botli  to  plants  ami  animals,  it  ap- 
pears', tliat  besides  such  differences  in  the  productn 
^of  different  regions  as  we  may  naturally  supposu  to 
^M^occaaioned  by  climate  and  otUer  external  caimoH  ; 
P^B  examination  of  the  whole  organic  jiopulation  of 
the  globe  leads  us  to  consider  the  earth  as  divided 
into  provinces,  each  province  being  occnj>iod  by  itu 
own  group  of  species,  and  these  gronpa  not  being 
mixed  or  interfused  among  each  other  to  any  groat 
extent.  And  thus,  as  the  earth  is  occupied  by  various 
nation!*  of  men,  each  appearing,  at  first  sight,  to  be  of 
a  different  stock,  so  each  other  tribe  of  living  things 
is  scattered  over  the  ground  in  a  birailar  manner,  and 
distributed  into  its  seitarate  nations  in  distant  coun- 
tries. The  placea  where  species  are  thus  peculiarly 
found,  are,  in  the  case  of  plants,  called  their  stations. 
Yet  each  species  in  its  own  region  loves  and  solocta 
some  peculiar  conditions  of  shade  or  exposure,  soil 
or  moisture :  its  place  defined  by  tho  general  de8crii>- 
tion  of  such  conditions,  is  called  its  habittUion. 

Not  only  each  species  thus  ])laced  in  its  own  pro- 
vince, has  its  position  further  ftxed  liy  its  own  habits, 
but  more  general  groups  and  assemblages  are  found 
to  be  determined  in  their  situation  by  more  general 
conditions.  Thus'  it  is  the  character  of  the  flora  of 
a  collection  of  islands,  scattered  through  a  wide  ocean 
1  a  tropical  and  humid  climate,  to  contain  an  im- 

f.  T.  •  Il>.  i.  198. 


tmm^  t— iiam  ^  ikcv  mmn  fefttv  ^me.  at  ieac  in 

We  here  ihTW—lr  plwe  War  a^  »  »  m%ec«  if 
t.  tfe  ttfMM  ef  frri«(  tUag*;— •  salyeet 


■■  ifti*  Hlyacx.  w  a«  MK  to  seek  ear  Wief  fint 


■andt 


iBd  important  problems  which  may  well 
^iloy  our  physiological  skill.  For  example,  we 
y  ask ; — how  we  are  to  recognise  the  species  which 
■were  originally  created  distinct  ? — whether  the  popu- 
lation of  the  earth  at  one  geological  epoch  could  pass 
to  the  fonn  which  it  has  at  a  succeeding  period,  by 
the  agency  of  natural  causes  alone  ? — and  if  not,  what 
other  account  we  can  give  of  the  succession  which  we 

i  to  have  taken  place  ? 
►  The  most  remarkable  point  in  the  attempts  to 
'■newer  these  and  the  like  questious,  is  the  contro- 
versy between  the  advocates  and  the  opponents  of 
the  doctrine  of  the  transmutation  of  species.  This 
question  is,  even  from  its  mere  physiological  import, 
one  of  great  interest;  and  the  interest  is  much 
enhanced  by  our  geological  researches,  which  again 
bring  the  question  before  us  in  a  striking  fonii,  and 
on  a  gigantic  scale.     We  shall,  therefore,  briefly  state 

I 


r  Sect.  3. — Question  of  the  Trannttutation  of  Speciei 


B  see  that  animals  and  plants  may,  by  the  influ- 
ice  of  breeding,  and  of  external  agents  operating 
ion  their  constitution,  be  greatly  modified,  so  as  to 
give  rise  to  varieties  and  races  different  from  what 
before  existed.  How  different,  for  instance,  is  one 
kind  and  breed  of  dog  from  another!  The  question, 
then,  is,  whether  organized  beings  can,  by  the  mere 
■working  of  natural  causes,  jmss  from  the  type  of  one 
lecies  to  that  of  luiother  ?  whether  the  wolf  may,  by 
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domestication,  become  the  dog  ?  whether  the  oimmg^  ] 
outang  may,  by  the  power  of  externa!  circumstanceii  j 
be  brought  within  the  circle  of  the  human  species  I 
And  the  ililomraa  in  which  we  are  placed  is  this;--.] 
that  if  species  are  not  thus  interchangeable,  we  must  j 
suppose  the   fluctuations  of  which  each  species  U  1 
capable,  and  which  are  apparently  indefinite,  to  b4  ] 
bounded  by  rigorous  limits;  whereas,  if  we  aHoir  ' 
such  a  traiismtitation  of  species,  we  abandon  that  belief 
in  the  adaptation  of  the  structure  of  every  creature 
to  its  destined  mode  of  being,  which  not  only  most 
persons  would  give  up  with  repugnance,  but  which, 
as   we   have  seen,    has    constantly   and    irresistibly 
impressed  itself  on  the  minds  of  the  best  naturaliBtsi 
as  the  true  view  of  the  order  of  the  world. 

But  the  study  of  geology  opens  to  us  the  spectacle 
of  many  groups  of  species  which  have,  in  the  course 
of  the  earth's  history,  succeeded  each  other  at  vast 
intervals  of  time;  one  set  of  animals  and  plants  dis*- 
appearing,  as  it  would  seem,  from  the  face  of  our 
planet,  and  others,  which  did  not  before  exist,  be- 
coming the  only  occupants  of  the  globe.  And  the" 
dilemma  then  presents  itself  to  us  anew: — either  wo 
must  acce])t  the  doctrine  of  the  transmutation  rf 
species,  and  must  suppose  that  the  organized  speclM 
of  one  geological  epoch  were  transmuted  into  thosft^ 
of  another  by  some  long-continued  agency  of  naturd* 
causes;  or  else,  we  must  believe  in  many  successivfi' 
acts  of  creation  and  extinction  of  species,  out  of  th* 
common  course  of  nature ;  acts  which,  therefore,  we 
may  properly  call  miraculous. 


wiuch 
Gbbe 
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fRiis  latter  dilemma,  however,  is  a  question  con- 
cerning the  facts  which  have  happened  in  the  his- 
tory of  the  world ;  the  deliberation  respeotiog  it 
belongs  to  physical  geology  itself,  and  not  to  that 
subsidiary  science  which  we  are  now  describing,  and 
which  is  concerned  only  with  such  causes  as  we  know 

'be  in  constant  and  orderly  action. 

le  former  question,  of  the  limited  or  unlimited 
extent  of  the  modltications  of  animals  and  plants,  has 
received  full  and  careful  consideration  from  eminent 
physiologists:  and  in  their  opinions  we  find,  I  think, 
an  indisputable  preponderance  to  that  decision  which 
rejects  the  transmutation  of  species,  and  which 
accepts  the  former  side  of  the  dilemma ;  namely,  that 
the  changes  of  which  each  species  is  susceptible, 
though  diificult  to  define  in  words,  are  limited  in 
fact.  It  is  extremely  interesting  and  satisfactory 
thus  to  receive  an  answer  in  which  we  can  confide, 
to  inquiries  seemingly  so  wide  and  bold  as  those 
which  this  subject  involves.  I  refer  to  Mr.  Lyell, 
Dr.  I'richard,  Mr.  Lawrence,  and  others,  for  the  his- 
tory of  the  discussion,  and  for  the  grounds  of  the 
decision ;  and  I  shall  quote  very  briefly  the  main 
points  and  conclusions  to  which  the  inquiry  has  led". 
It  may  be  considered,  then,  as  determined  by  the 
over-balance  of  physiological  authority,  that  there 
is  a  capacity  iu  all  species  to  accommodate  them- 
selves, to  a  certain  extent,  to  a  change  of  external 
circumstances ;  tins  extent  varying  greatly  according 

•  Lyell,  B.  iu.  c.  iv. 
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to  the  species.     There  may  thus  arise  changes  o(M 
appearance  or  structure,  and  some  of  these  changi 
are  transmissible  to  the  offspring :  but  the  Diutationi 
thus  superinduced  are  governed  by  constant  law 
and  confined  within  certain  limits.     Indefinite  dH 
mergence  from  the  original  tyjie  is  not  possible;  am 
the  extreme  limit  of  possible  variation  may  usuall^ 
be  reached  in  a  short  period  of  time:    in  short 
species  /mve  a  real  cristence  in  nature,  and  a  transmu' 
tation  from  one  to  another  does  not  exist. 

Thus,  for  example,  Cuvier  Pbmarks,  that  notwith- 
standing all  the  differences  of  size,  appearance  and 
habits,  which  we  find  in  the  dogs  of  various  races 
and  countries,  and  though  we  have  (in  the  Egyptiai 
mummies)  skeletons  of  this  animal  as  it  existed  thi 
thousand  years  ago,  the  relation  of  the  bones  toj 
each  other  remains  essentially  the  same ;  and,  with 
all  the  varieties  of  their  shape'  and  size,  there  a 
characters  which  resist  all  the  influences  both  i 
external  nature,  of  human  intercourse,  and  of  time. 

Sect.  4. — Hifpothesis  of  Progresshe  Tendencies. 

Within  certaiu  limits,  however,  as  we  have  aaiii^ 
external  circumstances  produce  changes  in 
forms  of  organized  beings.  The  causes  of  chaj 
and  the  laws  and  limits  of  their  effects,  as  thq 
obtfun  in  the  existing  state  of  the  organic  creatioiv 
are  in  the  highest  degree  interesting.     And,  as  1 


'  Ossem.  Foss.  Disc.  Pwl.  p.  61. 


sen  alreadF  iutimated.  the  knowledge  thus  ob- 
tained, has  been  applieil  «itb  a  view  to  explain 
the  origin  of  the  existing  population  of  the  world, 
and  the  succession  of  its  jiast  conditions.  But 
those  who  have  attempted  such  an  explanation, 
have  found  it  necessary  to  assume  certain  addi- 
tional laws,  in  order  to  enable  themselves  to  de- 
duce, from  the  teuet  of  the  transinutability  of  the 
species  of  organized  beings,  such  a  state  of  things 
as  wc  see  about  us,  and  such  a  succession  of  states 
as  is  evidenced  by  geological  researches.  And  here, 
again,  we  are  brought  to  questione  of  which  we  must 
seek  the  answers  from  the  most  i)rofound  physiolo- 
gists. Now  referring,  as  before,  to  those  which 
appear  to  he  the  best  authorities,  it  is  fouud  that 
these  additional  positive  laws  are  still  more  inad- 
missible than  the  primaiT  assumption  of  indefinite 
capacity  of  change.  For  example,  in  order  to 
account,  on  this  hypothesis,  for  the  seeming  adap- 
tation of  the  endow-ments  of  animals  to  their  wants, 
it  is  held  that  the  endowments  arc  the  resiUt 
of  the  wants ; — ^that  the  swiftness  of  the  antelope, 
the  claws  and  teeth  of  the  lion,  the  trunk  of  the 
elephant,  the  long  neck  of  the  girafte,  liave  been 
produced  by  a  certain  plastic  character  in  the  con- 
stitution of  animals,  operated  upon,  for  a  long  course 
of  ages,  by  the  atteni|)ts  which  these  animals  made 
to  attain  objects  which  their  previous  organization 
did  not  place  within  their  reach.     In  this  way,  it 

i  maintanied  that  the  most  striking  attributes  of 
naie,  thww  which  apparently  imply  most  clearly 
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the  iiroviding  skill  of  their  Creator,  have  been  brongi 
forth  by  the  long-repeated  efforts  of  the  creati 
to  attain  the  object  of  their  desires ;  thus  anim 
with  the  highest  endowments  have  been  gradually 
developed  from  ancestral  forms  of  the  most  limited 
organization :  thus  fish,  birds,  and  beasts,  have  grown  . 
from  smaU  gelatinous  bodies,  "  petits  corps  gelatineu: 
possessing  some  obscure  principle  of  life,  and  1 
capacity  of  developcment;  and  thus  man  hims( 
with  all  his  intellectual  and  moral,  as  well  as  phjd 
sical  ])rivilege9,  lias  been  derived  from  some  creature 
of  the  ape  or  baboon  tribe,  urged  by  a  constant  ten- 
dency to  improve,  or  at  least  to  aJter  his  condition. 

As  we  have  said,  in  order  to  arrive,  even  hy] 
thetically,  at  this  result,  it  is  necessary  to  assuni 
besides  a  mere  capacity  for  change,  other  positive 
and  active  principles,  some  of  which  we  may  notim 
Thus,  we  must  have,  as  the  direct  productions  ( 
nature  on  this  hypothesis,  certain  monads  or  rouj 
draughts,  the  primary  rudiments  of  plants  and  i 
mals.     We  must  have,  in  these,  a  constant  taiden 
to  progressive   impi-oveinent,    to    the    attainment  i 
higher  powers  and  faculties  than  they  possess ;  whidi 
tendency  is  again  perpetually  modified  and  controlled 
by  the  force  of  ej^ternal  circumstances.     And  in  order- 
to  account  for  the  simultaneous  existence  of  anim^H 
in  every  stage  of  this  imaginary  progress,  we  mdM 
suppose  that  nature  is  compelled    to  be  consianSg 
producing  tliose  elementary  beings,  from  which  all 
animals  are  successively  developed. 

I  need  not  stay  to  point  out  how  extremely  arbi- 
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trary  every  part  of  this  scheme  is ;  and  how  complex 
its  machinery  ivould  be,  even  if  it  did  account  for 
the  facts.  It  may  be  sufficient  to  obsei-ve,  as  otliera 
have  done",  that  the  capacity  of  ciiange,  and  of  being 
influenced  by  external  circumstances,  such  as  we 
really  find  it  in  nature,  and  therefore  such  as  in 
science  we  must  represent  it,  is  a  tendency,  not  to 
improve,  but  to  deteriorate.  When  species  are 
modified  by  external  causes,  they  usually  degenerate, 
and  do  not  advance.  And  there  is  no  instance  of  a 
species  acquiring  an  entirely  new  sense.,  faculty,  or 
organ,  in  addition  to,  or  in  the  place  of,  what  it  had 
before. 

Not  only,  then,  is  the  doctrine  of  the  transmuta- 
tion of  species  in  itself  disproved  by  the  best  phy- 
siological reasonings,  but  the  additional  assumptions 
which  are  requisite,  to  enable  its  advocates  to  apply 
it  to  the  explanation  of  the  geological  and  other 
phenomena  of  the  earth,  are  altogether  gratuitous 
nnd  fantastical. 

Such  is  the  judgment  to  which  we  are  led  by  the 
examination  of  the  discussions  which  have  taken 
place  on  this  subject.  Yet  in  certain  speculations, 
occasioned  by  the  discovery  of  the  Sh-atheritim,  a 
new  fossil  animal  from  the  Sub-Himalaya  mountains 
of  India,  M.  Geoffrey  Saint-Ililaire  speaks  of  the 
belief  in  the  immutability  of  species  as  a  conviction 
which  is  fading  away  from  men's  minds.  He  speaks 
too  of  the  termination  of  the  age  of  Cuvier,  '•  la  cloture 
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du   siecle  de  Cuvier,"  and  of  the   comniencemenj 
of  a  better  zoological  philosophy'.     But  though  I 
expresses  himself  with  great  animation,  I  do 
perceive  that  he  adduces,  in  support  of  his  peculiar 
opinions,  any  arguments  in  addition  to  those  which 
he  urged  during  the  lifetime  of  Cuvier.     And  tiu 
reader"  may  recollect  that  the  consideration  of  thi 
controversy  led    us    to  very  different    anticipation 
from  his,  respecting  the  probahle  future  progress  e 
physiology.     The  discovery  of  the  Sivatherium  supi 
plies  no  jmrticle  of  proof  to  tlie  hypothesis,  that  the  " 
existing  speciett  of  animals  are  descended  from  ex- 
tinct creatures  which  are  specifically  distinct :   and 
we  cannot  act  more  wisely  than  in  listening  to  tliM 
advice  of  that  eminent  naturalist,  M.  de  Blaioville'MB 
"  Against  this  hypothesis,  which,  up  to  tlio  present 
time,  I  regard  as  purely  gratuitous,  and  likely  to 
turn  geologists  out  of  the  sound  and  excellent  roadiH 
in  which  they  now  are,  I  willingly  raise  my  ToiM 
with  the  most  absolute  conviction  of  being  in  t 
right." 


Seel.  5. — Question  of  Creadon  as  related  to  Seta 

But  since  we  reject  the  i>roduction  of  new  8p( 
by  means  of  external  influence,  do  we  then,  it  ti 
be   asked,   accept    the    otiier  side  of  the  dilemm 
which  we  have  stated;  and  admit  a  series  of  orB 

•  C'^mpte  Rendu  de  I'Aciid.  dee  Sc.  1837,  Nu.  3,  p.  81. 
'"  Sec  p.  464  of  this  volume. 
"  Compte  Rfindu,  1837,  No.  5,  p.  168. 
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tions  of  Bpecies,  by  some  power  beyond  that  which 
we  trace  in  the  ordinary  course  of  nature? 

To  this  question,  the  history  aud  analogy  of  science, 
I  conceive,  teach  us  to  reply  as  follows: — All  pals- 
tiologica!  sciences,  all  speculations  which  attempt 
to  ascend  from  the  present  to  the  remote  paiit,  by 
the  chain  of  causation,  do  also,  by  au  inevitable  con- 
sequence, Tirge  us  to  look  for  the  beginning  of  the 
state  of  things  which  we  thus  contemplate ;  but  in 
none  of  these  cases  have  men  been  able,  by  the  aid 
of  science,  to  arrive  at  a  beginning  which  is  homo- 
geneous with  tlie  kno'tm  course  of  events.  The  first 
origin  of  language,  of  civilization,  of  law  and  govern- 
ment, oAiHiot  be  clearly  made  out  by  reasoning  and 
research ;  and  just  as  little,  we  may  exj)ect,  will  a 
knowledge  of  the  origin  of  the  existing  and  extinct 
species  of  plants  and  animals,  be  the  result  of  phy- 
siological and  geological  investigation. 

But.  thougli  philosophers  have  never  yet  demon- 
strated, and  perha|)s  never  will  he  able  to  demon- 
strate, what  was  that  primitive  state  of  things  in  the 
social  and  material  worlds,  from  which  the  progres- 
sive state  took  its  first  departure;  they  can  still,  in 
all  the  lines  of  research  to  which  we  have  referred, 
go  %'erj'  far  back; — determine  many  of  the  remote 
circumstances  of  the  past  sequence  of  events; — ascend 
to  a  point  which,  from  our  position  at  least,  seems 
to  be  near  the  origin ; — and  exclude  many  supposi- 
tions resjiecting  the  origin  itself.  Whether,  by  the 
light  of  reason  alone,  men  will  ever  be  able  to  do 
more  than  this,  it  is  difficult  to  say.     It  is,  I  think, 
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no  irrational  opinion,  even  on  grounds  of  philoso*  I 
phical  analogy  alone,  that  in  all  those  sciences  whicK*! 
look  back  and  seek  a  beginning  of  things,  we  ma^j 
be  unable  to  arrive  at  a  consistent  and  definite  beliefl 
without  having  reconrse  to  other  grounds  of  trutl^l 
as  well  as  to  historical  research  and  ecientific  i 
eoning.      When    our    thoughts    would    apprehendj 
steadily  the  creation  of  things,  we  find  that  we  ai«l 
obliged  to  summon  up  other  ideas  than  those  which! 
regulate  the  pursuit  of  scientific  truths: — to  call  ittl 
other  powers  tiian  those  to  which  we  refer  natural 
events :  it  cannot,  then,  be  considered  as  very  sur- 
prising, if,  in  this  part  of  our  inquiry,  we  are  com- 
pelled to  look  for  other  than  the  ordinary  evideoeS  I 
of  science. 

Geology,  forming  one  of  the  palwtiological  clan  I 
of  sciences,  which  trace  back  the  history  of  the  eartjt'a 
and  its  inhabitants  ou  philosophical  grounds,  is  thoS'l 
associated  with  a  number  of  other  kinds  of  re8earcl^.| 
which  are  concerned  about  language,  law,  art,  ond-J 
consequently  about  the  internal  faculties  of  i 
his  thoughts,  bis  social  habits,  his  conception  of  righl,-^ 
his  love  of  beauty.     Geology  being    thus  brought 
into  the  atmosphere  of  moral  and  mental  specula- 
tions, it  may  be  expected  that  her  investigations  of  . 
the  probable  past  will  share  an  influence  common  to  1 
them ;  and  that  she  will  not  be  allowed  to  point  t*  J 
an  origin  of  her  own,  a  merely  physical  beginning  <j 
things ;  but  that,  as  she  approaches  towards  such  4 
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lines.  It  may  be.  that  instead  of  being  allowed 
,vel  up  to  this  focus  of  being,  we  are  only  able 
;imate  its  place  and  nature,  and  to  form  of  it 
mcB  a  jndgmcnt  as  tiiis ; — that  it  is  not  only 
the  source  of  mere  vegetable  aud  animal  life,  but 
also  of  rational  and  social  life,  language  and  arts. 
Jaw  and  oi-der ;  in  short,  of  all  the  progresBive  ten- 
dencies by  which  tlie  highest  principles  of  the  intel- 
lectual and  moral  world  have  been  and  are  developed, 
as  well  (IS  of  the  succession  of  organic  forms,  which 
we  find  scattered,  dead  or  living,  over  the  earth. 

This  reflection  concerning  the  natural  scientific 
view  of  creation,  it  will  be  observed,  has  not  been 
sought  for,  from  a  wish  to  arrive  at  such  conclusions ; 
but  it  has  flowed  spontaneously  from  the  manner  in 
which  we  have  had  to  introduce  geology  into  our 
classification  of  the  sciences:  and  this  classification 
was  framed  from  an  unbiassed  consideration  of  the 
general  analogies  and  guiding  ideas  of  the  various 
portions  of  our  knowledge.  Such  remarks  as  we 
have  made  may  on  tliis  account  be  considered  more 
Worthy  of  attention. 

But  such  a  train  of  thought  must  be  pursued 
caution.  Although  it  may  not  be  possible  to 
Ve  at  a  right  conviction  respecting  the  origin  of 
the  world,  without  having  recourse  to  other  than 
physical  considerations  and  to  other  than  geological 
evidence ;  yet  extraneous  considerationi*,  and  extrane- 
ous evidence,  respecting  the  nature  of  the  beginning 
things,  must  never  be  allowed  to  influence  our 
Ic8  or  our  geology.    Our  geological  dynamics. 
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like  our  astronomical  dyiianiics,  may  be  inadequate 
to  carry  us  back  to  an  origin  of  that  state  of  things 
of  ■which  it  explains  the  progress :  but  this  deficiency 
must  be  supplied,  not  by  adding  supernatural  to 
natural  geological  dynamics,  but  by  accepting,  in 
their  proper  place,  the  views  supplied  by  a  portion  of 
knowledge  of  a  different  diameter  and  order.  If 
we  include  in  theology  the  speculations  to  which  wa 
have  recourse  for  this  puqiose,  we  must  exclude  them 
from  geology.  The  two  sciences  may  conspire,  not 
by  having  any  part  in  common ;  but  because,  though 
widely  diverse  in  their  lines,  both  point  to  a  my- 
sterious and  invisible  origin  of  the  world. 

All  that  which  claims  our  assent  on  those  higher 
grounds  of  which  theology  takes  cognizance,  must 
claim  such  assent  as  is  consistent  witli  those  grounds ; 
that  is,  it  must  require  belief  in  respect  of  all  that 
bears  upon  the  highest  relations  of  our  being,  those 
on  which  depend  our  duties  and  our  hopes.  Doo- 
trines  of  this  kind  may  and  must  be  conveyed  and 
maintained,  by  means  of  information  concerning  the 
past  history  of  man,  and  his  social  and  material,  as 
well  as  moral  and  spiritual  fortunes.  He  who  be- 
lieves that  a  Providence  has  ruled  the  affairs  of 
mankind,  will  also  believe  that  a  Providence  has 
governed  the  material  world.  But  any  language  is 
which  the  narrative  of  this  government  of  the  ma* 
terial  world  can  be  conveyed,  must  necessarily  b« 
very  imperfect  and  inappropriate;  being  expressed 
in  terms  of  those  ideas  whicli  have  been  selected  by 
men,  in  order  to  describe  the  appearances  and  rela- 
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ions  of  created  things  as  they  affect  one  another. 
1  cases,  therefore,  where  we  have  to  attempt  to 
terpret  such  a  narrative,  we  must  feel  that  we  are 
extremely  liable  to  err;  and  most  of  all,  when  our 
interjiretation  refers  to  those  material  objects  and 
operations  which  are  most  foreign  to  the  main  pur- 
pose of  a  history  of  proiridence.  If  we  have  to 
consider  a  communication  containing  a  view  of  such 
a  government  of  the  world,  imparted  to  us,  as  we 
may  suppose,  in  order  to  point  out  the  right  direc- 
tion for  our  feelings  of  trust,  and  reverence,  and 
liope,  towards  the  Governor  of  the  world,  we  may 
expect  that  we  shall  be  in  no  danger  of  collecting 
from  our  authority  erroneous  notions  with  regard 
to  the  ]H)wer.  and  wisdom,  and  goodness  of  His 
government ;  or  with  i-esjiect  to  our  avm  place,  duties, 
and  prospects,  and  the  history  of  our  race,  so  far  as 
our  duties  and  prospects  are  concerned.  But  that 
we  should  rightly  understand  the  detail  of  all  events 
in  the  history  of  man,  or  of  the  skies,  or  of  the 
earth,  which  are  narrated  for  the  purjiose  of  thus 
giving  a  right  direction  to  our  minds,  is  by  no 
means  equally  certain;  and  I  do  not  think  it  would 
be  too  much  to  say,  that  an  immunity  from  per- 
plexity and  error,  in  such  matters,  is,  on  general 
grounds,  verj'  improbable.  It  cannot  then  surprise 
us  to  find,  that  parts  of  such  narrations  which 
seem  to  refer  to  occurrences  like  those  of  which 
astronomers  and  geologists  have  attempted  to  deter- 
mine the  laws,  have  given  rise  to  many  interpreta- 

lODs,  all  inconsisteut  »ith  one  another,  and  moBt  of 
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dma  at  Tuisnco  vitb  tho  best  establisheil  prine{|des 
of  artronomT  an<l  geology. 

It  may  be  urged,  that  all  truths  mtiBt  be  consistent 
with  oil  other  troths,  and  that  therefore  the  resalts 
of  tme  geology  or  astronomy  cannot  be  irreconcDe- 
-.ftble  with  the  tutatcments  of  true  thcolog}'.  And 
»  universal  consistency  of  trutti  with  itself  nnwt 
!  assented  to ;  but  it  by  no  meoni^  follows  that  vt 
nmdt  be  able  to  obtain  a  ftiH  insight  iuto  tho  natore 
and  manner  of  such  a  consistency.  Such  an  insight 
would  only  be  jwspible  if  we  could  obtain  a  clear 
view  of  that  central  body  of  truth,  the  source 
f^  the    principles    niiich    appear    in   tlie    separate 

I  lines  of  Bpeculation.  To  expect  that  we  should  see 
elearly  how  the  providential  goveroment  of  the 
■world  is  confiistent  with  the  unTarying  laws  by 
vhich  itfi  motions  and  dovelo]»ements  are  regulated, 
b  to  exjiect  to  understand  thoroughly  the  laws  of 
motion,  of  developement,  and  of  prondence ;  it  is  to 
expect  that  we  may  ascend  from  geology  and  astro* 
tiomy  to  the  creative  and  legislative  centre,  from  wJiich 
proceeded  earth  and  stars ;  and  then  desoimd  again 
into  the  moral  and  Kjiiritual  world,  because  its  source 
and  centre  are  the  same  as  those  of  the  material 

creation.     It  is  to  say  that  reason,  whether  finite  or 

I  infinite,  must  be  consistent  with    itself;  and  that. 

I  therefore,  the  finite  must  bo  able  to  comprehend  the 

infinite,  to  travel   from    any  one   province   of  the 

moral  and  material  universe  to  any  other,  to  trace 

Hheir  bearing,  and  to  connect  their  boondarics. 

One  of  the  advantages  of  the  study  of  the  histoiy 
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and  nature  of  ftcienee  in  which  we  are  now  engaged 
is,  that  it  warns  lis  of  the  hopeless  and  presumptuous 
character  of  sucli  attempts  to  understand  the  govern- 
ment of  the  world  by  the  aid  of  science,  without 
throwing  any  discredit  u|)on  the  reality  of  our  know- 
ledge;— that  while  it  shows  how  solid  and  certain 
each  science  is,  so  long  as  it  refers  its  own  facta  to 
ita  own  ideas,  it  confines  each  science  within  its  own 
limits,  and  condemns  it  as  empty  and  helpless,  when 
it  pronounces  upon  those  subjects  which  are  extra- 
neous to  it.  The  error  of  persons  who  should  seek  a 
geological  narrative  in  theological  records,  would  be 
rath^  in  the  search  itself  than  in  their  interpretation 
of  what  they  might  find ;  and  in  like  mnnnor  the  error 
of  those  who  would  conclude  against  a  supernatural 
beginning,  or  a  providential  direction  of  the  world, 
upon  geological  or  physiological  reasonings,  would 
he,  that  they  had  expected  those  sciences  alone  to 
place  the  origin  or  the  government  of  the  world  in 
its  proper  light. 

Though  these  observations  apply  generally  to  all 
the  palrctiological  sciences,  they  may  be  permitted 
here,  because  they  have  an  especial  bearing  upon 
some  of  the  difficulties  which  have  embarrassed  the 
progress  of  geological  speculation ;  and  though  such 
difficulties  are,  I  trust,  nearly  gone  by,  it  is  im- 
portant for  us  to  see  them  in  their  true  bearing. 

From  what  lias  been  said,  it  follows  that  geology 
and  astronomy  are,  of  themselves,  incapable  of 
giving  us  any  distinct  and  satisfactory  account  of 
the    origin  of  the  universe,    or   of  its  porta.     We 
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need  not  wonder,  then,  at  any  particular  instance 
this  incapacity;  as  for  example,  that  of  which  we 
have  been  speaking,  the  impossibility  of  accounting 
by  any  natural  means  for  the  production  of  all  the 
successive  tribes  of  plants  and  animals  which  hawj 
peopled  the  world  in  the  various  stages  of  its  pro»i 
grees,  as  geology  teaches  us.  Tliat  they  were,  likgi 
our  own  animal  and  vegetable  contemporaries,  pro*: 
foundly  adapted  to  the  condition  in  which  they  were 
placed,  we  have  am})le  reason  to  believe ;  but  when 
we  inquire  whence  they  came  into  this  our  world, 
geology  is  silent.  The  mystery  of  creation  is  not 
within  the  range  of  her  legitimate  territory 
says  nothing,  but  she  points  upwards. 

Sect.  6. — T/ie  hi/poihexis  of  iJie  regular  Creation  and 
EM'mction  of  Species. 

1.  Creation  of'  Species. — We  have  already  seen  how 
untenable,  as  a  physiological  doctrine,  is  the  prini 
ciple  of  the  transmutability  and  progressive  tendency 
of  species ;  and  therefore,  when  wo  come  to  appl^ 
to  theoretical  geolog}'  the  principles  of  the  present 
chapter,  this  portion  of  the  subject  will  easily  be 
disposed  of.  I  hardly  know  whether  I  can  statfl 
that  there  is  any  other  principle  which  has  f 
apphed  to  the  solution  of  tho  geological  problem 
and  which,  therefore,  as  a  general  truth,  ought  to  h^ 
considered  here.  Mr.  Lyell,  indeed,  has  spoken" 
an  hypothesis  that  "  the  successivo  creation  of  specie^ 
may  constitute  a  regular  part  of  the  economy  of 
"  B.  III.  c.  xi.  p.  108. 
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nature :"  but  lie  has  nowhere,  I  think,  so  described 
this  procesR  as  to  make  it  appear  in  what  depart- 
ment of  science  we  are  to  place  the  hypothesis. 
Are  these  new  species  created  by  the  production,  at 
long  intervals,  of  an  oft'spring  different  in  species 
from  the  parents  ?  Or  are  the  species  so  created 
produced  ■\vithout  parents  ?  Are  they  gradually 
evolved  from  some  embrj'o  substance?  or  do  they 
suddenly  start  from  the  ground,  as  iu  the  creation  of 
the  poet  ? 

Perfett  fonuH 

limbed  and  full-gronn :  out  of  the  ground  up  rose 

As  from  bis  lair,  the  wild  beast  where  lie  wons 

In  forest  wild,  iu  thicket,  hrakc,  or  den  ;  . , . 

Tlie  grassy  clods  now  caJved ;  now  half  appeared 

TLe  tamiy  lion,  pawing  to  get  free 

HiB  hinder  parts ;  tUea  springs  as  broke  from  bounds, 

And  rampant  shakes  his  brimlcd  mane  ;  &c.  &c. 

Partidisc  Lost,  B.  yii. 

Dmo  selection  of  one  of  tiieae  forms  of  the  hypo- 
is,  rather  than  the  others,  with  evidence  for  the 
selection,  is  requisite  to  entitle  us  to  place  it  among 
the  known  causes  of  change  wliicli  in  this  chapter 
we  are  considering.  The  bare  conviction  that  a 
creation  of  species  has  taken  ]>lace,  wliether  once  or 
many  times,  so  long  as  it  is  unconnected  with  our 
ical  sciences,  ia  a  tenet  of  natund  theology 
than  of  physical  philosophy. 
Ediinction  nf  Sptvies. — With  regard  to  thu 
iction  of  species,  Mr.  Lyell  has  propounded  a 
which  is  deserving  of  great  attention  here, 
lobi,  when  he  had  satisfied  himseltj  by  examina- 
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tion  of  the  Sub-Apennines,  that  about  half  the  Bp»-  j 
cies  -which  had  lived  at  the  period  of  their  depo*  | 
sition,  had    since   become    extinct,    suggested  as  s  1 

cause  for  this  occurrence,  that  the  vital 
energies  of  a  species,  like  that  of  an  individual, 
might  gradually  decay  in  tlio  progress  of  time  and 
of  generations,  till  at  last  the  prolific  power  might 
Ml,  and  the  species  wither  away.  Such  a  propert7 
■would  be  conceivable  as  a  physiological  fact ;  for  wa 
see  something  of  the  kind  in  fruit-trees  i)ropagated 
by  cuttings:  after  some  time,  tlie  stock  appears  to 
wear  out,  and  loses  its  peculiar  qualities.  But  we 
have  no  sufficient  evidence  that  thif)  is  the  case  in 
generations  of  creatures  continued  by  the  reproduc- 
tive powers.  Mr.  Lyell  conceives,  that,  without 
admitting  any  inherent  constitutional  tendency  to 
deteriorate,  the  misfortunes  to  which  jdants  and 
animals  are  exposed  liy  the  change  of  the  physical 
circumstances  of  the  earth,  by  the  alteration  of  land 
and  water,  and  by  the  changes  of  climate,  must 
very  frequently  occasion  the  loss  of  several  spe» 
cies.  We  have  historical  evidence  of  the  extino* 
tion  of  one  conspicuous  species,  the  dodo,  a  bird  of 
large  size  and  singular  fomi,  which  inhabited  the 
Isle  of  Franco  when  it  was  first  discovered,  and 
which  now  no  longer  exists.  Several  other  speciofa 
of  animals  and  plants  seem  to  be  in  the  course  o 
vanishing  from  the  face  of  the  earth,  even  under  our 
own  observation.  And  taking  into  account  the 
greater  changes  of  the  surface  of  the  globe  which 
geology  compels  us  to  assume,  we  may  : 


ORGANIC  GEOLOGICAL   DYNAMICS. 


691 


r  ull  the  existing  species  of  living  things  to 
bo  extirpated.  If,  for  instance,  tliat  reduction  of 
the  climate  of  tho  earth  which  appears,  from  geo- 
logical evidence,  to  have  taken  place  already,  bo 
supposed  to  go  on  mucii  further,  the  advancing  snow 
and  cold  of  tho  polar  regions  may  destroy  the 
greater  part  of  our  plants  and  animals,  and  drive  the 
remainder,  or  those  of  them  which  possess  tho  requi- 
site faculties  of  migration  and  accommodation,  to  seek 
an  asylum  near  the  etpiator.  And  if  we  suppose 
the  temjierature  of  the  earth  to  l)o  still  further  re- 
duced, this  zone  of  now-existing  life,  having  no  fur- 
ther place  of  refuge,  will  perish,  and  the  wholo 
earth  will  be  tenanted,  if  at  all,  hy  a  new  creation. 
Other  causes  might  produce  the  same  effect  as  a 
change  of  climate;  and,  without  supposing  such 
causes  to  aflect  the  whole  globe,  it  is  easy  to  ima- 
gine circumstances  such  as  might  entirely  disturb 
the  equilibrium  which  the  powers  of  diffusion  of 
different  species  have  jtroduced ; — might  give  to  some 
the  opportunity  at'  invading  and  conquering  the 
domain  of  others ; — and  in  the  end,  the  meaus  of 
entirely  suppressing  them,  and  establishing  them- 
teives  in  their  place. 

That  this  extirpation  of  certain  fi|>ecies,  which,  aa 
WB  have  seen,  happens  in  a  few  cases  under  romraon 
drcumstances,  might  happen  upon  a  greater  scale,  if 
Uie  range  of  externa!  changes  were  to  bo  much 
enlarged,  cannot  be  doubted.  Tlie  extent,  tlierefbrtk  , 
to  wWch  natural  causes  may  account  for  the  extino* 
tioD  of  species,  will  depend  u]M)D  the   amount  of 
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ige  which  we  su[iim»g  in  the  phTmcal  coi 

tho  earth.     It  must  be  a  tnsk  of  extreme  tftft' 

ilty  to  t-stimate  the  pfiect  tipon  the  organic  world, 

"en  if  the  physical  circumstances  wore  piven.     To 

•rmine  the  phTsiml  condition  to  which  a  given 

,te  of  the  earth  would  give  ritse.  I   have  alreadr 

>ted  as  another  very  diflicnit  problem.     Vet  those 

"o  problems  must  bo  solved,  iu  order  to  enable  ns 

to  judge  of  the  sufficiency  of  any  hypothesis  of  the 

extinction  of  sjiecies ;  and  in  the  mean  time,  for  the 

mode  in  wliich  new  epecies  come  into  the  places  of 

lose  whicli  are  extinguished,  wo  have  (as  we  hare 

sen,)  no    hypothesis  which   physiology  ran,  &■»» 

loment,  sanction. 


win^^HH 


Sect.  7. — T/ie  Imbfddiiit)  of  Organic  Jtam 

IThere  is  still  one  portion  of  the  Dynamics  of  Geo- 
logy, a  branch  of  great  and  manifest  importance, 
Miich  I  have  to  notice,  hut  upon  which  I  need  only 
apeak  very  brieHy.  Tlie  mode  iu  M-bich  the  cpoils  of 
«xi*iting  idants  and  aiiinials  arc  imbedded  in  the 
dejiostts  now  forming,  is  a  subject  which  has  uatu- 
Iftlly  attracted  the  attention  of  geologists.  During 
the  controversy  which  took  place  in  Italy  resi>ecring 
9ie  fossils  of  the  Sul>-Apennine  hills,  Vitaliano 
Ponati",  in  176U,  undertook  an  examination  of  the 
(Vdriatie,  and  found  that  deiiosits  containing  sheik 
md  corals,  extremely  resembling  the  stinta  of  tlie 
pills,  were  there  in  the  act  of  formation.  But  witli- 
ut  dwelling  on  other  observations  of  like 
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^^Bqt  state  that  Mr.  Lyell  has  treated  thi^  subject, 
'  and  hU  the  topics  connected  witli  it,  in  a  Tery  full 
and  satisfactory  manner.  He  has  explained",  by  au 
excellent  collection  of  illustrative  facts,  how  de- 
posits of  various  substance  and  contents  are  formed; 
how  jdants  and  animals  become  fossil  in  i)eiit,  in 
blown  sand,  in  volcanic  matter,  in  alUnial  soil,  iii 
caves,  and  in  the  beds  of  lakes  and  seas.  This  ex- 
position is  of  the  most  instructive  character,  a^  a 
means  of  obtaining  right  conclusions  concerning  the 
^^ittsee  of  geological  phenomena.  Indeed,  in  many 
^^■bs,  the  similanty  of  past  effects  with  operations 
^^pnr  going  on,  is  so  complete,  that  they  may  be  oon- 
8idere<l  as  identical ;  and  the  discussion  of  such 
ca.'iefl  Iwlongs,  at  the  same  time,  to  Geological  Dy- 
namics and  to  Physical  Geology ;  Just  as  the  problem 
of  the  fall  of  meteorolites  may  be  considered  as 
beloiiginfi  alike  to  mechanics  and  to  physical  astro- 
nomy. The  growth  of  modem  peat-mosses,  for 
example,  fully  explains  the  foi-mation  of  the  most 
ancient;  objects  are  buried  in  the  same  manner  in 
the  ejections  of  active  and  of  extinct  volcanoes; 
within  the  limits  of  liistory,  mauy  estuaries  have 
been  filled  up;  and  in  the  deposits  which  have  occu- 
pied these  placepi,  are  strata  containing  shells",  aa  in 
the  older  formations. 


»  B.  iii.  c.  xiii. 


'•  Lj-cll,  H.  i 


.  2fl(i.     S*e  also  his  Addrpss  to  the 


fleologicnl  Soritly  in  1837,  *»"  '">  ticcounl  of  the  Rewarchcs  of 
Mr.  Stokes  iind  uf  Frofoisor  Ooppi-rt,  on  iho  Inpidification  of 
rcget«blc«. 
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CHAPTER  VII. 

Progress  of  Physical  Geolooy. 


Sect  1. — Object  and  Distinctions  of  Physical  Geology. 

Being,  in  consequenoe  of  the  steps  which  we  have 
attempted  to  describe,  in  poBsession  of  two  soienoes, 
one  of  which  traces  the  laws  of  action  of  known 
causes,  and  the  other  describes  the  phenomena  which 
the  earth's  surface  presents,  we  are  now  prepared  to 
examine  how  far  the  attempts  to  refer  the  facts  to 
their  causes  have  been  successful :  we  are  ready  to 
enter  upon  the  consideration  of  Theoretical  or  Phy- 
sical Geology,  as,  by  analogy  with  astronomy,  we  may 
term  this  branch  of  speculation. 

The  distinction  of  this  from  other  portions  of  our 
knowledge  is  sufficiently  evident.  In  former  times, 
geology  was  always  associated  with  mineralogy,  and 
sometimes  confounded  with  it ;  but  the  mistake  of 
such  an  arrangement  must  be  clear,  from  what  has 
been  said.  Geology  is  connected  Avith  mineralogy, 
only  so  far  as  the  latter  science  classifies  a  large  por- 
tion of  the  objects  which  geology  employs  as  evidence 
of  its  statements.  To  confound  the  two  is  the  same 
error  as  it  would  be  to  treat  philosopliical  history  as 


tentical  with  the  knowledge  of  medals.  Geology 
procures  evidenee  of  her  conclusions  wherever  she 
can ;  from  mineraU  or  from  Beas ;  from  inorganic  or 
from  organic  bodies ;  from  the  ground  or  from  tho 
skioiK.  The  geologist's  liusiness  in  to  learn  the  past 
history  of  the  earth ;  and  he  is  no  more  limited  to 
one  or  a  few  kinds  of  documentR,  as  his  eources  of 
information,  than  tho  historian  of  man,  in  the  exe- 
cution of  a  similar  task. 

Physical  Geology,  of  which  I  now  speak,  may  not 
be  always  easily  separable  from  Descriptive  Geology : 
in  &et.  they  have  generally  been  combined,  for  few 
have  been  content  to  deseribe,  without  attempting 
in  Bomo  measure  to  explain.  Indeed,  if  they  had 
done  so.  it  is  probable  that  their  labours  would  have 
1  far  le88  zealous,  and  their  expositions  far  less 
ressive.  We  by  no  means  regret,  thoretbre,  the 
Etilxture  of  these  two  kinds  of  knowledge,  which  has 
so  often  occurred ;  but  still,  it  is  our  business  to 
separate  them,  'fhe  works  of  astronomers,  before 
the  rise  of  sound  physical  astronomy,  were  full  of 
theories,  but  these  were  advantageous,  uot  prejudicial, 
to  the  progress  of  the  science. 

Geological  theories  have  been  abundant  and  vari- 

,  but  yet  oui-  history  of  them  must  bo  brief.    For 

r  object  id,  as  must  be  borne  in  mind,  to  exhibit 

Me,   only  so  far  as  they  are  steps  discoverably 

inding  to  the  frue  theory  of  the  earth  :  and  in  most 

I  we  do  not  tnice  this  character.     Or  rather, 

I  portions  of  tho  labours  of  gcologiets  which  do 

9  praise,  belong  to  the  two  preceding  J' 


done  so 
■ben  fa 
^^Pkpress 

^TrilxtuR 
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sions  of  the  subject,  and  have  been  treated  of 
there. 

The  history  of  Physical  Geology,  considered  as  the 
advance  towards  a  science  as  real  and  stable  as  those 
which  we  have  already  treated  of  (and  this  is  the 
form  in  which  we  ought  to  trace  it),  hitherto  consists 
of  few  steps.  We  hardly  know  whether  the  progress 
is  begun.  The  history  of  Physical  Astronomy  almost 
commences  with  Newton,  and  few  persons  will  ven- 
ture to  assert  that  the  Newton  of  Geology  has  yet 
appeared. 

Still,  some  examination  of  the  attempts  which 
have  been  made  is  requisite,  in  order  to  explain  and 
justify  the  view  which  the  analogy  of  scientific  his- 
tory leads  us  to  take,  of  the  state  of  the  subject. 
Though  far  from  intending  to  give  even  a  sketch  of 
past  geological  speculations,  I  must  notice  some  of 
the  forms  they  have  at  different  times  assumed. 

Sect.  2. — Of  Fancifid  Geological  Opinions. 

Real  and  permanent  geological  knowledge,  like  all 
other  physical  knowledge,  can  be  obtained  only  by  in- 
ductions of  classification  and  law  from  many  clearly 
seen  phenomena.  The  labour  of  the  most  active,  the 
talent  of  the  most  intelligent,  are  requisite  for  such 
a  purpose.  But  far  less  than  this  is  suflicient  to  put 
in  busy  operation  the  inventive  and  capricious  fancy. 
A  few  appearances  hastily  seen,  and  arbitrarily  inter- 
preted, are  enough  to  give  rise  to  a  wondrous  tale  of 
the  past,  full  of  strange  events  and   supernatural 


KJes.  The  mrthologr  and  early  poetr%-  of  nations 
sffbrd  Bofficient  evidence  of  man's  love  of  the  won- 
derfal.  and  of  his  inventive  powers,  in  eartv  stages 
of  intellectual  developement.  The  scientific  faciUty, 
on  the  other  hand,  and  especially  that  part  of  it 
which  is  requisite  for  the  induction  of  laws  from 
fiicts  emerges  slowly  and  with  difficulty  from  the 
crowd  of  adverse  influences,  even  under  the  most 
bvourable  circumstances.  We  have  seen  that  in  the 
ancient  world,  the  Greeks  alone  showed  themselves 
5  possess  this  talent;  and  what  tliey  thus  attained 
mounted  only  to  a  few  sound  doctrines  in  astro- 
ly,  and  one  or  two  extremely  imperfect  truths  in 
nics,  optics,  and  music,  which  tlieir  successors 
'  unable  to  retain.  No  other  nation,  till  we 
?  to  the  dawn  of  a  better  day  in  modem  Euroixj, 
made  any  positive  step  at  all  in  sound  physical 
speculation.  Empty  dreams  or  useless  exhibitions 
of  ingenuity,  formed  the  whole  of  tlieir  essays  at  such 
knowledge. 

It  mast,  therefore,  independently  of  positive  evi- 
dence, be  con*.idered  as  extremely  improbable,  that 
any  of  these  nations  should,  at  an  early  period,  have 
arrived,  by  observation  and  induction,  at  wide  general 
truths,  such  as  the  philosophers  of  modern  timeii 
have  only  satisfied  themselves  of  by  lunj;  and  )«ilii*nt 
labour  and  thought.  If  resemblances  should  Iik  dis- 
covered between  the  assertions  of  ancient  wrilepH 
and  the  discoveries  of  modern  science,  tho  probalnlity 
in  all  cases,  the  certainty  in  most,  is,  that  these  are 
idental  coincidences ; — that  the  ancient  opinion  is 
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no  anticipation  of  the  moilern  dlscovorv.  but  I«  one 

gDciBB  unonj^  many,  not  a  whit  the  more  valuable 

because  its  expression  ngreeH  witli  a   truth.     The 

^H  autlior  of  the  gue^H  could  not  intend    the    truth. 

^Bbecauso  his  mind  van  not  prepared  to  i-omprehend 

^^  it.     ThoBc  of  the  ancients  who  spoke  of  the  liannonr 

which  binds  all  things  together,  eouM  not  m^u  tlie 

Newtonian  gravitation,  becausy  they  had  never  been 

■  led  to  conceive  an  attractivp  force,  governed  by 
definite  mathematical  laws  in  ibi  quantity  ntwl 
operation. 

Tn  agreement  with  the«e  views,  we  must,  I  con- 
ceive, estimate  the  opinions  wliieli  ^*e  find  amon^ 
I  the  aneientp,  re8i>ecting  the  changes  which  tlic  earth'n 
BHrfaee  has  undergonf.  These  opinions,  «hon  the)' 
are  at  all  of  a  general  kind,  are  arbitrary  fictions  of 
tlie  fanry.  showing  man's  love  of  generality  indeed, 
but  indulging  it  without  that  expense  of  labour  and 
thought  which  alone  can  render  it  legitimate. 
We  might,  therefore,  pass  by  all  the  trndititms 
and  speeultttions  of  Oriental,  Egyptian,  and  Gredc 
cosmogony,  as  extrnneous  to  our  subject.  But  rin« 
these  have  recently  been  spoken  of.  as  coneluriOnJ 
eolleeted.  however  vaguely,  from  observed  fcet*'.  w« 
may  make  a  remark  or  two  upon  them. 

■  The  notion  of  a  aeries  of  ereations  and  destnictionii 
of  Worlds,  which  appears  in  the  sneped  vohuneof  th« 
Ilhidoos.  which  formed  part  of  the  traditionary  low 
of  Egj'pt.  and  which  was  afterwards  adopted  Into  lh« 
poetry  aud  pliilosojihy  of  Greece,  must  be  conMdored 
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as  a  mythological,  not  a  physical,  doctrine.  When 
this  doctrine  was  dwflt  upon,  men's  thoughts  were 
directed,  not  to  the  tt'rrestrial  facts  which  it  seemed 
to  explain,  but  to  the  attributes  of  the  dciticH  which 
it  illustrated.  The  concejition  of  a  Supreme  powofi 
impelling  and  guiding  the  progress  of  events,  which 
is  pcnuanent  among  all  perpetual  change,  and  regular 
among  all  seeming  chance,  was  readily  entertained 
by  contemplative  and  enthusiastic  minds;  and  when 
natural  jihenomena  wore  referred  to  tliia  doctrine,  it 
was  rather  for  the  pnrposo  of  fastening  its  impres- 
siveness  upon  the  senses,  than  in  the  way  of  giving 
to  it  authority  and  support-  Hence  wo  perc-eive 
that  in  the  exposition  of  this  doctrine,  an  attempt 
was  always  made,  to  fill  and  elevate  the  mind  with 
the  notions  of  marvellous  events,  and  of  infinite  times, 
in  which  vast  cycles  of  order  recurred.  The  "great 
year,"  in  which  all  celestial  phenomena  come  round, 
offered  itself  as  capable  of  being  calculated ;  and  a 
fimilar  great  year  was  readily  assumed  for  terrestrial 
and  human  events.  Heuce  there  were  to  he  brought 
round  by  great  cycles,  not  only  deluges  and  confla- 
grations which  were  to  destroy  and  renovate  the 
earth,  but  also  the  series  of  historical  occurrences. 
Not  only  the  sea  and  land  were  to  recommence  their 
altcmationB,  but  there  was  to  be  another  Argo, 
■which  should  carry  warriors  on  the  first  sea-foray*, 
and  another  succession  of  heroic  wars.  Looking  at 
the  passages  of  ancient  authors  which  refer  to  ter- 
restrial changes  in  this  view,  we  shall  see  that  they 
'  Virg.  Eclog.  4. 
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are  addressed  almost  entirely  to  the  love  of  the 
marvellous  and  the  infinite,  and  cannot  with  pro- 
priety be  taken  as  indications  of  a  spirit  of  physical 
philosophy.  For  example,  if  we  turn  to  the  cele- 
brated passage  in  Ovid^  where  Pythagoras  is  repre- 
sented as  asserting  that  land  becomes  sea,  and  sea 
land,  and  many  other  clianges  which  geologists  have 
verified,  we  find  that  these  observations  are  associated 
with  many  fables,  as  being  matter  of  exactly  the 
same  kind ; — the  fountain  of  Ammon  which  was  cold 
by  day  and  M'arm  by  night' ; — the  waters  of  Salmacia 
which  eifeniinate  men ; — the  Clitorian  spring  which 
makes  them  loathe  wine ; — the  Simplegades  islands 
which  were  once  moveable; — the  Tritonian  lake 
which  covered  men's  bodies  with  feathers ; — and 
many  similar  marvels.  And  the  general  purport  of 
the  whole  is,  to  countenance  the  doctrine  of  the 
metempsychosis,  and  the  Pythagorean  injunction  of 
not  eating  animal  food.  It  is  clear,  I  think,  that 
fects  so  introduced  must  be  considered  as  having 
been  contemplated  rather  in  the  spirit  of  poeti^F 
than  of  science. 

We  nmst  estimate  in  the  same  manner,  the  veiy^ 
remarkable  passage  brought  to  light  by  M.  Elie  de 
Beaumont',  from  the  Arabian  writer,  Kazwiri ;  in 
which  we  have  a  representation  of  the  same  spot  (rf 
ground,  as  being,  at  successive  intervals  of  five 
hundred  years,  a  city,  a  sea,  a  desert,  and  again  a 
city.     This  invention  is  adduced,  I  conceive,  rather  to 

'  Met.  lib.  XT.  *  V.  309,  &c. 

'  Ann.  des  Sc.  Nat.  xsv.  SiiO. 
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the  appetite  of  wonder,  than  to  fix  it  upon  any 
iity :  as  the  title  of  his  book,  "  The  Marvels  of 
r»ture,"  obviously  intimates. 

The   speculations    of    Aristotle,    concerning    the 

ihanges  of  land  and  sea  which  take  place  in  long 

iods,  are  not  formed  in  exactly  the  same  spirit, 

they  are  hardly  more  substantial ;  and  seem  to 

quite  as  arbitrar}-,  since  they  are  not  confirmed 

by  any  examjiles  and  proofs.     After  stating*  that 

the  same  spots  of  the  earth  are  not  always  land  and 

always  water,  he  gives  the  reason.     "  The  principle 

and  cause  of  thi.s  is,"  he  says,  "  that  the  inner  parts 

of  the  earth,  like  the  bodies  of  plants  and  animals, 

have  their  ages  of  vigour  and  of  decline;  but  in 

plants  and  animals  all  the  parts  are  in  vigour,  and 

all  grow  old.  at  once:  in  the  earth  different  parts 

arrive  at  muturity  at  different  times  by  the  operation 

cold  and  heat :  they  grow  and  decay  on  account 

the  sun  and  the  revolution  of  the  stars,  and  thus 

ports  of  the  earth  acquire  different  pow^r,  so 

that  for  a  certain  time  they  remain  moist,  and  then 

become   dry  and  old :    and  then  other  places   are 

revivified,  and  become  partially  watery."     W'n  are, 

1  conceive,  doing  no  injustice  to  such  speculations 

by  classing  them  among  _/«7jq/i(/ geological  opinions. 

We  must  also,  I  conceive,  range  in  the  same  diri- 

another  class  of  writers  of  much  more  modern 

times ; — T  mean  those  who  have  framed  their  geology 

by    interpi'etations    of  Scripture.      I    liave  already 

ideavoured  to  show  that  such  an  attempt  is  a  | 

•  Myteorol.  i.  14. 
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version  of  the  purpose  of  a  dirine  commimication, ' 
and  cannot  lead  to  any  pliysical  trutli.     I  do  not  I 
here  speak  of  geological  fipeculations  in  which  tha  I 
Mosaic  account  of  the  deluge  has  been  referred  to ; 
for  whatever  errors  may  have  been  committed  ob  I 
that  subject,  it  would  be  as  absurd  to  disregard  the 
most  ancient  historical  record,  in  attempting  to  tntoe 
buck  the  history  of  the  earth,  as  it  would  be  gr&tui<- 
tously  to   reject  any  other  source  of  information.  . 
But  the  interpretations  of  the  account  of  the  ere*-  J 
tion  have  gone  further  beyond  the  limits  of  sound 
philosophy:  and  when  we  look  at  the  artiitrary  and 
fantastical  inventions  by  wliich  a  few  phrases  of  the 
writings  of  Moses  have  been  moulded  into  complete  I 
flystcms,  we  cannot  doubt  that  these  interpretationi  \ 
belong  to  the  present  Section. 

I    shall    not    attempt    to    criticize,    nor   even  to 
enumerate,    these    Scriptuml    geologies.  — •'  8acred  i 
Theories  of  the  Karth."  as  Burnet  termed  his.     Kay  | 
Woodward,  "Whiston,  and  many  otiier  persons  tft  I 
whom    science   has   considerable    obligations,    wot 
involved,  by  the  speculative  habits  of  their  times,  i; 
these  essays ;  and  tboy  have  been  resumed  by  pcN  I 
sons  of  considerable  talent  and  some  knoM'led^  on  I 
various  occasions  up  to  the  present  day;    but  th*  • 
more  geology  has  been  studied  on  its  own  proper  I 
evidence,  the  more  havo   geologists  seen    the   1 
profitable  character  of  such  labours- 

I  proceed  now  to  the  next  step  in  the  progress  of 
theoretical  geology. 


WUHJ 


Of  Premature  Geological  Them-tf 

While  we  were  giving  our  nccouut  of  DescriptlTe 
Geology,  the  attentive  reader  would  perceive  that 
we  did,  in  fact,  state  several  etepH  in  tlie  advance 
towards    general    knowledge ;    but   when,    in    those 
00808,    the   tlieorotieal   aspect   of    euch    discoveries 
:ened  into  an  appearance  of  mere  clas^ilicfttion, 
occurrence  was  assigned  to  the  history  of  de- 
scriptive   rather  than  of  theoretical   geology.      Of 
8U0I1  a  kind  was  the  estahlishnient,  by  a  long  and 
vehement  controversy,  of  the  fact,  that  the  inipres- 
ins  ill  rocks  are  really  the  traces  of  ancient  living 
ings;  BUch,  again,  were  the  division  of  rocks  into 
imitive,  secondarv.  tertiary ;  the  aecertainment  of 
le  orderly  succession  of  organic  remains;  the  con- 
*equent  fixation  of  a  standard  series  of  formations 
and  strata ;  the  establishment  of  the  igneous  nature 
of  trap  rocks;  and  the  like,     Tlicso  are  geological 
tli«  wliicli  are  assumed  and  implied  in  the  very  lan- 
e  which  geology  uses ;  thus  Bhowing  how  in  this, 
all  other  sciences,  the  succeeding  steps  involve 
preceding.     But    in  the   history  of  geological 
tory,  we  have  to  consider  the  wider  attempts  to 
iblno  the  facts,  and  to  assign  them  to  their  cauaen. 
clofle  of  tlio  last  century  produced  two  an- 
igonifet  theories  of  tliis  kind,  wliich  long  maintained 
fierce  and  doubtful  struggle ; — that  of  Werner  and 
;t  of  Hutton :  the  one  tenned  Neptunian,  from 
■ribing  the  phenomena  of  the  earth's  sut&gp 
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mainly  to  aqueoug  agency;  the  other  Plutonian  op 
Vulcanian,  because  it  employed  the  force  of  subter- 
raneous fire  as  its  principal  machinery.  The  circum- 
stance which  is  most  worthy  of  notice  in  thi 
remarkable  essays  is,  the  endeavour  to  give, 
means  of  such  materials  as  the  authors  possessed, 
a  complete  and  simple  account  of  alt  the  &ct3  of 
the  earth's  history.  The  Saxon  professor,  proceeding 
on  the  examination  of  a  small  district  in  Germany, 
maintained  the  existence  of  a  chaotic  fluid,  from 
which  a  series  of  universal  formations  had  been  pre- 
cipitated, the  position  of  the  fitmta  being  broken  up 
by  the  falling  in  of  subterraneous  cavities,  in  the 
intervals  between  these  depositions.  The  Scotch 
philosopher,  who  had  observed  in  England  and  Scot- 
land, thought  himself  Justilied  in  declaring  that  the 
existing  causes  were  sufficient  to  spread  new  strata 
on  the  bottom  of  the  ocean,  and  that  there  they  aw 
consolidated,  elevated,  and  fractured  by  volcanio 
heat,  so  as  to  give  rise  to  new  continents. 

It  will  hardly  be  now  denied  that  all  that  is  done 
in  each  of  these  systems  must  be  proved  by  the 
examination  of  mauy  cases,  and  limited  by  rnanj 
conditions  and  circumstances,  llieories  so  wide 
and  simple,  were  consistent  only  with  a  compara* 
tively  scanty  collection  of  facts,  and  belong  to  the 
early  stage  of  geological  knowledge.  In  the  pro- 
gress of  the  science,  the  "  theory "  of  each  part  of 
the  earth  nmst  come  out  of  the  examination  of  that 
part,  combined  with  all  that  is  well  established  con- 
cerning all  the  rest ;    and  a  general  theory  must 
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lult  from  the  comparison  of  all  siioh'imrtial  thwo- 
wtical  news.  Any  attempt  to  snatoh  it  Iwforo  iu 
time  must  fail ;  and  therefore  wo  may  venture  at 
present  to  designate  general  tlieorics,  like  those  of 
Ilutton  and  Werner,  as  prenmturr. 

This,  indeed,  is  the  sentiment  of  most  of  the  gooj 
geologists  of  the  jiresent  day.  The  tinu'  for  surh 
general  systems,  and  for  the  fierce  ■n-ant  t(i  wliieh  tlio 
opposition  of  such  generalities  gives  rise,  is  prolmlily 
now  past  for  ever;  and  geology  will  not  again  wit- 
such  a  controversy  as  tliat  of  the  Wenierinii 
I  Hnttonian  schools. 

Ab  when  tvro  bluck  cloudH 
With  heaven's  ortillury  fruuglit,  tonio  rnttling  on 
OTer  the  Cnspian  ;  then  itand  front  to  front, 
IIoTering  a  space,  till  winds  thi-  nigiinl  blow 
To  joii)  their  ihirk  encounter  in  luid-iiir, 
So  frowntii  tlie  mighty  combatanls,  tlmt  hell 
Grew  darker  at  Ihcir  frown  ;  so  matched  (hey  Blood  : 
I  cithrr  lik.-- 
o  greut  a  foe. 

kThe  main  points  really  aii'ecting  the  progix-HH  of 
md  theoretical  geolog}',  Mill  find  a  place  in  one 
3  two  next  Sections. 
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The  Two  Antagonist  Doctrine«  of  Oeology. 


Sect  1.— Q/*  the  Doctrine  of  Geological  Catastrophes. 

That  great  changes,  of  a  kind  and  intensity  quite 
different  from  the  common  course  of  events,  and 
which  may  therefore  properly  be  called  catmtropheSy 
have  taken  place  upon  the  earth's  surface,  was  an 
opinion  which  appeared  to  be  forced  upon  men  by 
obvious  facts.  Rejecting,  as  a  mere  play  of  fancy, 
the  notions  of  the  destruction  of  the  earth  by  cata- 
clysms or  conflagrations,  of  which  we  have  already 
spoken,  we  find  that  the  first  really  scientific  exami- 
nation of  the  materials  of  the  earth,  that  of  the 
Sub-Apennine  hills,  led  men  to  draw  this  inference. 
Leonardo  da  Vinci,  whom  we  have  already  noticed 
for  his  early  and  strenuous  assertion  of  the  real 
marine  origin  of  fossil  impressions  of  shells,  also 
maintained  that  the  bottom  of  the  sea  had  become 
the  top  of  the  mountain ;  yet  his  mode  of  explaining 
this  may  perhaps  be  claimed  by  the  modern  advo- 
cates of  uniform  causes,  as  more  allied  to  their 
opinion,  than  to  the  doctrine  of  catastrophes  \     But 

*  "  Here  is  a  part  of  the  earth  which  has  become  more  light, 
and  which  rises,  while  the  opposite  part  approaches  nearer  to 
the  centre,  and  what  was  the  bottom  of  the  sea  is  become  the 
tof  of  the  mountain." — Fentur^s  Leonard  da  Find. 
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Stono,  in  10G9,  approaclied  nearer  to  this  doctrine; 
for  he  asserted  that  Tuscany  must  have  changed  its 
face  at  intervals,  so  as  to  acquire  six  diiferent  con- 
figurations, by  the  successive  breaking  down  of  the 
older  strata  into  inclined  positions,  and  the  hori- 
zontal deposit  of  new  ones  upon  them.  Htrabo, 
indeed,  at  an  eai'Iier  period  had  recounie  to 
earthquakes,  to  explain  the  occurrence  of  shells  in 
mountains;  and  Ilooko  published  the  same  opinion 
later.  But  the  Italian  geologists  prosecuted  their 
researches  under  the  advantage  of  having,  close  at 
hand,  large  collections  of  conspicuous  and  consistent 
phenomena.  Lazzaro  Moro,  in  1740,  attempted  to 
apply  the  theory  of  earthquakes  to  the  Italian  strata ; 
but  botli  he  and  his  expositor,  Cirillo  Generelli, 
inclined  rather  to  reduce  the  violence  of  these  ope- 
rations within  the  ordinary  course  of  nature',  and 
thus  leant  to  the  doctrine  of  uniformity,  of  which 
we  have  afterwards  to  speak.  Moro  was  encou- 
raged in  this  line  of  speculation  by  the  extraordinary 
occurrence,  as  it  was  deemed  by  most  persons,  of 
the  rise  of  a  new  volcanic  island  from  a  deep  part 
of  the  Mediterraneau,  near  Santorino,  in  1707*. 
But  in  other  couutries,  as  the  geolo^eal  facts  were 
studied,  the  doctrine  of  catastrophes  appeared  to 
gain  ground.  Thus  in  England,  where,  through  a 
large  part  of  the  country,  the  coal-measures  are  ex- 
tremely inclined  and  contorted,  and  covered  over  by 
moro  horizontal  fragmentary  beds,  the  opinion  that 
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some  violent  catastrophe  had  occurred  to  dislocate 
them,  before  the  superincumbent  strata  were  de-. 
posited,  was  strongly  held.  It  was  conceived  that, 
a  period  of  violeut  and  destructive  action  must  have 
succeeded  to  one  of  repose ;  and  that,  for  a  time, 
some  unusual  and  paroxysmal  forces  must  have, 
been  em]iloyed  in  elevating  and  breaking  the  pre-, 
existing  strata,  and  wearing  their  fragments  iata> 
smooth  pebbles,  before  nature  subsided  into  a  new 
age  of  tranquillity  and  vitality.  In  like  manner^ 
Cuvier,  from  the  alternations  of  fresh-water  and  salt- 
water species  in  the  strata  of  Paris,  collected  the. 
opinion  of  a  series  of  great  revolutions,  in  which 
"  the  thread  of  induction  was  broken."  Deluc  and 
others,  to  whom  we  owe  the  first  stejw  in  geological" 
dynamics,  attempted  carefully  to  distinguish  between, 
causes  now  in  action,  and  those  which  have  ceased 
to  act ;  in  which  latter  class  they  reckoned  the 
causes  which  have  elevated  the  existing  continents.. 
This  distinction  was  assented  to  by  many  .'succeeding 
geologists.  The  forces  which  have  raised  int<»  the 
clouds  the  vast  chains  of  the  PjTenees,  the  Alpc^.. 
the  Andes,  must  have  been,  it  was  deemed,  some- 
thing very  different  from  any  agencies  now  ope-, 
rating. 

This  opinion  was  further  confirmed  by  the  ap- 
pearance of  a  complete  change  in  the  forma  of 
animal  and  vegetable  life,  in  passing  from  one  for- 
mation to  another.  The  species  of  which  the  re- 
mains occurred,  were  entirely  different,  it  was  said, 
in  two  successive  cpodis:  a  new  creation  appears 
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to  have  iiiteireiieil ;  aiiJ  it  was  readily  believed  iliat 
a  traiisititjii,  so  entirclv  nut  of  the  common  course 
of  the  world,  might  Iw  accompanied  hy  paroxysms 
of  mechanical  energy.  Such  views  prevail  exten- 
sively among  geologists  up  to  the  present  time:  for 
instance,  in  the  comprehensive  theoretical  generali- 
sations of  Elie  de  Beaumont  and  others,  respecting 
inouii tain-chains,  it  is  supposed  that,  at  certain  vast 
intervals,  systems  of  mountains,  which  may  he  re- 
cognised by  tlie  parallolisiii  of  course  of  their  inclined 
beds,  have  been  disturbed  anil  elevated,  Hfting  up 
with  them  the  aqueous  strata  which  had  been  de- 
posited among  thorn  in  the  intervening  periods  of 
tranquiltitv,  and  which  are  recognised  and  identilied 
bv  means  of  their  organic  remains:  and  according 
the  adherents  of  this  hypothesis,  these  sudden 
rations  of  mountain-chains  have  been  followed, 
again  and  again,  by  mighty  waves,  desolating  whole 
regions  of  the  earth. 

The  peculiar  l)earing  of  snoli  opinions  upon  the 
jirogress  of  pliy^ical  geology  will  be  better  under- 
stood by  attending  to  the  doctrine  of  u/iiformity, 
which  is  opposed  to  them,  and  with  the  considera- 
tion of  which  wc  shall  close  our  survey  of  this  science, 
the  la»t  branch  of  our  present  ta-sk. 


Ka  tl 


—Of  the  Dwti-ine  of  0\'olo<fH-f>/  Cnformity. 

^R  opinion  that  the  history  of  the  earth  had  in- 

ftlved  a  series  of  catastrophes,  confirmed  by  the  two 

nt  classes  of  facts,  the  eymptoms  of  mechanical 
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violence    on  a    vcrv    largo    scale,  and  of  complete  * 
changes  in  the  living  things  by  which  the  earth  had 
been  tenanted,  took  ftrong  hold  of  the  geologists  of 
England,  France,  and  Gennany.     Hutton,   thouglLJ 
he  denied  that  there  «-as  evidence  of  a  beginning  oM 
the  present  state  of  things,  an{l  referred  many  pro- 
cesses in  the  formation  of  strata  to  existing  causes, 
did  not  assert  that  the  elevatory  forces  which  raise 
continents  from  the  bottom  of  the  ocean,  were  ^§m 
the  samu  order,  as  well  as  of  the  same  kind,  wiUi4 
the  volcanoes  and  earthquakes  which  now  shake  the 
surface.     His    doctrine  of  uniformity  was  founded 
rather  on  the  supposed  analogy  of  other  lines  of - 
speculation,  than  on  the  examination  of  the  amountl 
of  changes  now  going  on.     "  The  Author  of  nature^**! 
it  was  said,  "  has  not  permitted  in  His  works  an/ 
symptom  of  infancy  or  of  old  age,  or  any  sign  1 
which  we  may  estimate  either  their  future  or  theif  ' 
past  duration :"  and  the  example  of  the  planetary 
system  was  referred  to  in  illustration  of  thi3\    And 
the  persuasion  that  the  champions  of  this  theoil 
were  not  disposed  to  accept  the  usual  opinions  ( 
the  subject  of  creation,  was  allowed,  perhaps  very  \ak 
justly,  to  weigh  strongly  against  them  in  the  publid 
opinion. 

While  the  rest  of  Europe  had  a  decided  bias  t 
wards  the  doctrine  of  geological  catastrophes,  tJw^ 
phenomena  of  Italy,  which,  as  we  have  seen,  had 
already  tended  to  soften  the  rigour  of  that  doctrine,  in 
the  progress  of  speculation  from  Steno  to  Generelli 
were  destined  to  mitigate  it  still  more,  by  converting;! 
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She  belief  of  uniformity  transalpine  geologists  who 
Iiad  been  bred  ujt  in  the  catastropbist  creed.  Tliis 
effect  was,  indeed,  gradual.  For  a  time  the  distinc- 
tion of  the  recent  and  the  tertian/  period  was  held 
to  be  marked  and  strong.  Brocehi  asserted  that  a 
large  portion  of  the  Sub-Apenmiie  fossil  shells  be- 
longed to  Uving  species  of  the  Mediterranean  Sea : 
but  the  geologists  of  the  rest  of  Europe  turned  an 
inereduloHS  ear  to  this  Italian  tenet ;  and  the  per- 
suasion of  the  distinction  of  the  tertiary  and  the 
recent  period  was  deeply  impressed  on  most  geolo- 
gists by  the  memorable  labours  of  Cuvier  and  Bron- 
gnlart  on  the  Paris  basin.  Still,  as  other  tertiary 
deposits  wore  examined,  it  was  found  that  they 
could  by  no  means  he  considered  as  contempora- 
neous, hut  that  they  formed  a  ehain  of  posts,  ad- 
vancing nearer  and  nearer  to  the  i-ecent  period. 
Above  the  strata  of  the  basins  of  London  and 
Paris*,  lie  the  newer  strata  of  Touraine,  of  Bour- 
dcaux,  of  the  valley  of  the  Bormida  and  the 
Superga  near  Turin,  and  of  the  basin  of  Vienna, 
explored  by  M.  Constant  Prevost.  Newer  and 
higher  still  than  these,  arc  found  the  Sub-Apennine 
formations  of  Northern  Italy,  and  probably  of  the 
same  period,  the  English  "  crag"  of  Norfolk  and 
Suflblk.  And  most  of  these  marine  formations  are 
associated  with  volcanic  products  and  fresh-water 
deposits,  so  as  to  imply  apparently  a  long  train  of 
alternations  of  corresponding  processes.  It  may  easily 
I  vupposed  that,  when  the  subject  Lad  assumed  this 
'  Lyt'U,  1st  cd.  vol.  iii.  p,  fil. 
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form,  the  bouiitlaiy  of  the  present  and  past  condition 
of  the  earth  was  iu  some  measure  obscured.  But 
it  was  not  long  before  a  very  able  attenii)t  was  made 
to  obliterate  it  altogether.  In  1828,  Mr.  Lyell  set 
out  on  a  geological  tow  through  France  and  Italy'. 
He  had  already  conceived  the  idea  of  classing  the 
tertiary  groups  by  reference  to  the  number  of  recent 
species  which  More  found  in  a  fossil  state.  But  as 
he  passed  from  the  nortli  to  the  south  of  Italy,  he 
found,  by  communication  with  the  best  fossil  con- 
chologists,  Borelli  at  Turin,  Guidotti  at  Parma,  Costa 
at  Naples,  that  the  number  of  extinct  species  de- 
creased ;  so  tliat  the  last-mentioned  naturalist,  from 
an  examination  of  the  fossil  shells  of  Otranto  and 
Calabria,  and  of  the  neighbouring  seas,  was  of 
opinion  that  few  of  the  tertiary  shells  were  of  ex- 
tinct species.  To  com])lete  the  series  of  proof,  Mr, 
Lyell  himself  explored  the  strata  of  Iscliia,  and 
found,  2000  feet  above  the  level  of  tlie  sea,  shells^ 
which  were  all  pronounced  to  be  of  species  dot 
inhabiting  the  Mediterranean;  and  soon  after,  he 
made  collections  of  a  similar  description  on  the  flanka. 
of  Etna,  in  tlie  Val  di  Noto,  and  in  other  pli 

The  impression  produced  by  these  researches  ia 
described  by  himself".  "  In  the  course  of  my  tour; 
I  had  been  frequently  led  to  reflect  on  the  precepli 
of  Descartes,  that  a  philosopher  should  once  in  hi 
life  doubt  everj-  thing  he  had  been  taught;  but  J 
still  retained  so  nmch  faith  in  my  early  geologica 
creed  as  to  feel  the  most  lively  surjirise  on  visitinj 
Sortino,  Pentalica,  Syi-acuse,  and  other  parta  of  ibi 
_      '  Jsted.Yol.  iii.  Pirf.  '  V.sc\V\sV<A.Pw£».       , 
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Val  di  Noto,  at  bpIioUliiif;;  a  limestone  nf  enormous 
thickness,  filled  witli  recent  shells,  or  sometimes 
with  mere  casts  of  shells,  resting  on  marl  in  which 
shells  of  Mediterranean  Bjiecies  were  imbedded  in  a 
high  state  of  [ireservation.  All  idea  of  attaching  a 
high  fliiticinity  to  a  regularly-stratified  limestone,  in 
which  the  casts  and  impressions  of  shells  alone  were 
visible,  vanished  at  once  from  my  raind.  At  the 
Husame  time.  I  was  struck  vnth  the  identity  of  the  ■ 
^■Associated  igneous  rocks  of  the  Val  di  Noto  with 
^■•Vcll-known  varieties  of  '  trap'  in  Scotland  and 
^■-Other  parts  f if  EuroiK-;  varieties  which  I  had  also 
^■iceen  entering  largely  into  the  structure  of  Etna. 
^K  "  1  occasionally  amused  myself,"  Mr.  Lyell  adds, 
^Vf*  with  speculating  on  the  diflerent  rat<?  of  progress 
which  geology  might  have  made,  hati  it  been  first 
cultivated  nith  success  at  Catania,  where  the  phe- 
nomena above  alluded  to,  and  the  great  elevation  of 
[.the  modem  tertiary  beds  in  the  Val  di  Noto,  and 
iiWie  changes  pniduced  in  the  historical  era  by  the 
Calabrian  earthqu.-ikes,  would  have  been  familiai-ly 
|inown." 

Before  Mr.  Lyell  entered    u])on    bis  jouniey,  he 

id  put  in  tlic  hands  of  the  printer  the  first  volume 

if  his  "  Principles  of  Geology,  being  an  attempt  to 

plain  the  fonner  Changes  of  the  Earth's  Surface 

refermce  to  Causes  now  in  Operation'''     And  after 

iGwing  sucli  phenomena  as  we  have  spoken  of,  he, 

jfOi  doubt,  juilgcd  that  the  doctrine  of  catastrophes 

lOf  a  kind  entirely  diHerent  from  the  existing  course 

f  events,  would  never  have  been  generally  received. 


if  geologists  had  formed  their  opinions  upon  the 
Sicilian  strata.  The  houndary  separating  the  pr^ 
sent  from  the  anterior  state  of  things  crumbled 
away;  the  differeuce  of  fossil  and  recent  species  had 
diBappeared,  and,  at  the  same  time,  the  changes  (tfi 
position  whicli  marine  strata  liad  undergon*^ 
although  not  inferior  to  those  of  earlier  geological 
periods,  might  be  ascribed,  it  was  thought,  to  the/ 
same  kind  of  earthquakes  as  those  ■which  stiU' 
agitate  that  region.  Both  the  supposed  proofs  of. 
catastrophic  transition,  the  organical  and  the  mecha- 
nical changes,  failed  at  the  same  time;  the  one  hj 
the  removal  of  the  feet,  the  other  by  the  exhibition 
of  the  cause.  The  powers  of  earthquakes,  even 
such  as  they  now  exist,  were,  it  was  supposed,  if 
allowed  to  operate  for  an  illimitable  time,  adequate 
to  produce  all  the  mechanical  effects  which  the 
strata  of  all  ages  dis])Iay.  And  it  was  declared  that 
all  evidence  of  a  beginning  of  the  present  state  of. 
the  earth,  or  of  any  material  alteration  iu  thftj 
energy  of  the  forces  by  which  it  has  been  modifii 
at  various  epochs,  was  entirely  Manting. 

Other  circumstances  in  the  j>rngress  of  geology' 
tended  the  same  way.  Thus,  in  cases  where  then 
had  appeared  in  one  country  a  sudden  and  violent 
transition  from  one  stratum  to  the  next,  it 
found,  that  by  tracing  the  fonnations  into  oil 
countries,  the  chasm  between  them  was  filled  up  by 
iutennediate  strata;  so  that  the  passage  became  as 
gradual  and  gentle  as  any  other  step  in  the  series. 
For  example,  though  the  conglomerates,  which  in 
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some  parts  of  England  overlie  the  coal-measures, 
appear  to  have  been  produced  by  a  complete  dis- 
continuity in  the  series  of  changes;  yet  in  the  coal- 
fields of  Yorkshire,  Durham,  and  Cumberland,  the 
transition  is  smoothed  down  in  such  a  way  that  the 
two  formations  pa.s9  into  each  other.  A  similar 
passage  is  observed  in  Central  Germany,  and  in 
Thuringia  is  so  complete,  tliat  the  coal-measures  have 
sometimes  been  considered  an  subordinate  to  the 
indtlietfendes' . 

Upon  such  evidence  and  such  arguments,  the 
doctrine  of  catastrophes  was  rejected  vith  some  con- 
tempt and  ridicule;  and  it  was  maintained,  that  the 
operation  of  the  causes  of  geological  change  may 
properly  and  philosophically  be  held  to  have  been 
uniform  through  all  ages  and  periods.  On  this 
opinion,  and  the  grounds  on  which  it  has  been  urged, 
we  shall  make  a  few  concluding  remarks. 

It  must  be  gi-anted  at  once,  to  the  advocates  of 
this  geological  uniformity,  that  we  are  not  arbitrarily 
to  assume  the  existence  of  catastrophes.  The  degree 
of  uniformity  and  continuity  wnth  which  terremotive 
forces  have  acted,  must  be  collected,  not  from  any 
gratuitous  hypothesis,  but  from  the  facts  of  the  case. 
"U'e  must  suppose  the  causes  which  have  produced 
geological  phenomena,  to  have  been  as  similar  to 
existing  causes,  and  as  dissimilar,  as  the  effects  teach 
us.  "Wo  are  to  avoid  all  bias  in  favour  of  powers 
deviating  in  kind  and  degree  from  those  which  act 
at  present;  a  bias,  which  Mr.  Lyell  asserts,  has 
extcneiTely  prevailed  among  geologists. 
'  DeIiifiechp,p.414,Hs)iuaL 
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.  But  when  Mr.  Lyell  goes  further,  and  considers 
it  a  merit  in  a  course  of  geological  speculation  that 
it  rejects  any  difference  between  the  intensity  of 
existing  and  of  past  causes,  we  conceive  that  he  errs 
no  less  than  those  whom  he  censures.  "  An  earnest 
and  patient  endeavour  to  reconcile  the  former  indica- 
tions of  change^","  with^wy  restricted  class  of  causes, — 
a  habit  which  he  enjoins, — ^is  not,  we  may  suggest,  the 
temper  in  which  science  ought  to  be  pursued.  The 
effects  must  themselves  teach  us  the  nature  and 
intensity  of  the  causes  which  have  operated ;  and  we 
are  in  danger  of  error,  if  we  seek  for  slow  and  shun 
violent  agencies  further  than  the  facts  naturally  direct 
us,  no  less  than  if  we  were  parsimonious  of  time  and 
prodigal  of  violence.  Time^  inexhaustible  and  ever 
accumulating  his  efficacy,  can  undoubtedly  do  much 
for  the  theorist  in  geology ;  but  Fwce^  whose  limits 
we  cannot  measure,  and  whose  nature  we  cannot 
fathom,  is  also  a  power  never  to  be  slighted :  and  to 
call  in  the  one  to  protect  us  from  the  other,  is  equally 
presumptuous,  to  whichever  of  the  two  our  super- 
stition leans.  To  invoke  Time,  with  ten  thousand 
earthquakes,  to  overturn  and  set  on  edge  a  moun- 
tain-chain, should  the  phenomena  indicate  the  change 
to  have  been  sudden  and  not  successive,  would  be  ill 
excused  by  pleading  the  obligation  of  first  appealing 
to  known  causes. 

In  truth,  we  know  causes  only  by  their  effects ; 
and  in  order  to  learn  the  nature  of  the  causes  which 
modify  the  earth,  we  must  study  them  through  all 
ages  of  their  action,  and  not  select  arbitrarily  the 

^"^  LyeW,  B.  W.  c.  i.  ^,  328, 
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riod  in  which  wc  live  as  the  standard  for  all  other 
epochs.  The  forces  which  have  produced  the  Alps 
and  the  Andes  are  known  to  U9  by  experience,  no 
less  than  the  forces  which  have  raised  Etna  to  its  pre- 
sent height ;  for  we  learn  their  amount  in  both  cases 
by  their  results.  Why.  then,  do  wo  make  a  merit  of 
using  the  latter  case  as  a  uisasuro  for  the  fonfier  ? 
Or  how  can  we  know  the  true  scale  of  such  force, 
except  by  comprehending  in  our  view  all  the  facts 
which  we  can  bring  together  ? 

In  reality,  when  we  speak  of  the  uniformity  of 
nature,  are  we  not  obliged  to  use  the  term  in  a  very 
large  sense,  in  order  to  make  the  doctrine  at  all 
tenable  ?  It  im-ludes  catastrophes  and  convulsions 
of  a  very  extensive  and  intense  kind ;  what  is  the 
limit  to  the  violence  which  we  ninst  allow  to  these 
changes  ?  In  order  to  enable  ourselves  to  represent 
geological  causes  as  operating  with  uniform  energy 
through  all  time,  we  must  measure  our  time  by  long 
cycles,  in  which  repose  and  violence  alternate ;  how 
long  may  we  extend  this  cycle  of  change,  the  repetition 
of  wliich  we  express  by  the  word  uniformity  ? 

And  why  must  we  suppose  that  all  our  experience, 
geological  as  well  as  historical,  includes  more  than 
one  such  cycle  ?  "Why  must  we  insist  upon  it,  that 
man  has  been  long  enough  an  ohser\-er  to  obtain  the 
average  of  forces  wliich  are  changing  througli  imniea- 
rable  time? 

e  analogy  of  other  sciences  has  been  referred  to, 
tsanctioning  this  attempt  to  refer  the  whole  train 
Itfects  to  known  causes.     To  have  done  this,  it  has 


I 


tn  said,  is  tlie  glory  of  astronomy :  she  seeks  no 

liddou  virtues,  but  explains  all  by  the  forre  of  grari- 

tatiou,  wliicli  we  witupfw  oporatiiijEr  ^^  every  moment. 

But  let  us  ask,  whether  it  would  rfally  bavo  bwn 

merit  iii  the  founders  of  physieal  astronomy,  to 

(sume  that  the  celestial  revoliitiona  resulted  from 

ly  Belceted  class  of  knoMii  causes  ?    When  Newton 

irst  attempted  to  explain  the  motions  of  the  moon 

by  tlie  force  of  gravity,  and  fiiilcd  because  the  meo- 

ires  to  \\hich  he  referred  were  erroneous,  would  it 

iliAve   I>eeD  pltilosophlcal  in  him,  to  insist  that  the 

difference  which  he  found  ought  to  Ijo  overlooked, 

'^nce  otherwise  we  should  be  compelled  to  go  to 

causes  otiier  than  those  which  we  usually  witness  in 

action  ?     Or  was  there  any  praise  due  to  those  who 

assumed  the  celestial  forces  to  be  the  same  with 

gjavity,  rather  than  to  those  who  assimilated  them 

■with  any  other  known  force,  as  magnetism,  tjl]  the 

calculation  of  the  laws  and  amount  of  these  forces, 

from  the  celestial  phenomena,  had  clearly  sanctioned 

such  an    identification?     We   are   not    to  select  a 

conclusion  now  Wfll  proved,  to  persuade  ourselves 

that  it  would  have  been  wise  to  assume  it  anterior 

'to  proof,  and  to   attempt   to    ]>Iiiiusnphize  in   the 

method  thus  recommended. 

Again,  the  analogy  of  a.«tronomy  ha*  been  referred 
■to,  as  confirming  the  assumption  of  perpetual  unifbr- 
mity.  The  analysis  of  the  heavenly  motions,  it  has 
been  said,  supplies  no  trace  of  a  beginning,  no 
promise  of  an  end.  But  here,  also,  this  analogy  I 
I  erroneously  appUed.     Astronomy,  as  the  science  | 


TWO  ANTAGONIST  DOCTRINES  OF  GEOLOGY.      619 


of  cyclical  motions,  has  notliing  in  common  with 
geology.  But  look  at  astronomy  when  nhe  has 
an  analog)'  with  geology;  consider  our  knowledge 
of  thu  heavens  as  a  pala^tiological  science ; — as  the 
study  of  a  past  condition,  from  which  the  present  is 
derived  by  causes  acting  in  time.  Is  there  then  no 
evidence  of  a  beginning,  or  of  a  progress  ?  AVTiat  is 
the  import  of  the  nebular  hypothesis?  A  luminous 
matter  is  condensing,  solid  bodies  are  forming,  are 
arranging  themselves  into  systems  of  cyclical  motion  ; 
in  short,  we  have  exactly  what  we  are  told,  on  this 
analogy,  we  ought  not  to  have  ; — the  beginning  of  a 
world.  Tn  justify  tins  argtuncnt,  I  will  not  main- 
tain the  truth  of  the  nebular  hypothesis;  but  if 
geologists  wish  to  borrow  maxims  of  philosophizing 
from  astronomy,  such  speculations  as  have  led  to 
that  hypothesis  must  be  their  model. 

Or,  let  them  look  at  any  of  the  other  pro\incc8  of 
palfPtiological  speculation ;  at  the  liistory  of  states, 
of  civilization,  of  languages.  \Ve  may  assume  some 
rescmUnnce  or  connexion  lietween  the  principles 
wliich  determined  the  progress  of  government,  or 
of  society,  or  of  literature,  in  the  earliest  ages,  and 
those  which  now  ojicrafe,  but  who  has  speculated 
successfully,  assuming  an  ifieiilitjf  of  such  causes? 
Where  do  we  now  find  a  language  in  the  process  of 
formation,  unfolding  itiielt'  in  inflexions,  terminit- 
tiuns,  changes  of  vowels  by  grammatical  relations, 
such  as  characterize  the  oldest  known  languages? 
Vliere  do  we  see  a  nation,  by  it^  natural  faculties, 
krenting  writing,  or  the  arts  of  life,  aa  we  find  them 
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in  the  most  ancient  civilized  nations?  We  may 
assume  hypothetically;  that  man's  faculties  develop 
themselves  in  these  ways ;  but  we  see  no  such  eflfects 
produced  by  these  faculties,  in  our  own  time,  and  now 
in  progress,  without  the  influence  of  foreigners. 

Is  it  not  clear,  in  all  these  cases,  that  history  does 
not  exhibit  a  series  of  cycles,  the  aggregate  of  which 
may  be  represented  as  a  uniform  state,  without  indi- 
cation of  origin  or  termination  ?  Does  it  not  rather 
seem  evident  that,  in  reality,  the  whole  course  of  the 
world,  from  the  earliest  to  the  j^resent  times,  is  but 
one  cycle,  yet  unfinished ; — offering,  indeed,  no  clear 
evidence  of  the  mode  of  its  beginning ;  but  still  less 
entitling  us  to  consider  it  as  a  repetition  or  series  of 
repetitions  of  what  had  gone  before  ? 

Thus  we  find,  in  the  analogy  of  the  sciences,  no 
confirmation  of  the  doctrine  of  uniformity,  as  it  has 
been  maintained  in  geology.  Yet  we  discern,  in 
this  analogy,  no  ground  for  resigning  our  hope,  that 
future  researches,  both  in  geology  and  in  other 
paloetiological  sciences,  may  throw  much  additional 
light  on  the  question  of  the  uniform  or  catastrophic 
progress  of  things,  and  on  the  earliest  history  of  the 
earth  and  of  man.  But  when  >ve  see  how  wide  and 
complex  is  the  range  of  speculation  to  Avhich  our 
analogy  has  referred  us,  we  may  well  be  disposed  to 
pause  in  our  review  of  science ; — to  survey  from  our 
present  position  the  ground  that  we  have  passed 
over ; — and  thus  to  collect,  so  far  as  we  may,  guidance 
and  encouragement  to  enable  us  to  advance  in  the 
track  which  lies  before  us. 
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tefore  we  quit  the  subject  nowunder  consideration, 
we  may,  however,  observe,  that  what  the  analogy  of 
science  really  teaches  ua,  as  the  most  promising  means 
of  promoting  this  science,  is  the  strenuous  cultivation 
of  the  two  subordinate  sciences,  geological  know- 
ledge of  facts,  and  geological  dynamics.  These  are 
the  two  provinces  of  knowledge — corresponding  to 
phenomenal  astronomy,  and  mathematical  mechanics 
— which  may  lead  on  to  the  epoch  of  the  Newton 
of  geologj'.  We  may,  indeed,  readily  believe  that 
we  have  nnicli  to  do  in  both  these  departments. 
While  so  large  a  portion  of  the  globe  is  geologically 
unexplored ;  whik'  all  the  general  views  which  are  to 
extend  our  classifications  satisfactorily  from  one  hemi- 
sphere to  another,  from  one  zone  to  another,  are  still 
unfonned  ;  Mhile  the  organic  fossils  of  the  tropics  are 
almost  unknowni,  and  their  general  relation  to  the 
existing  state  of  things  has  not  even  been  conjectured ; 
— how  can  we  expect  to  speculate  rightlyand  securely, 
respecting  the  history  of  the  whole  of  our  globe? 
And  if  geological  classification  and  description  are 
thus  imiierfecf,  the  knowledge  of  geological  causes 
is  still  more  so.  As  we  have  seen,  the  necessity  and 
the  method  of  constructing  a  science  of  such  causes, 
are  oidy  just  beginning  to  l>e  }>erceived.  Here, 
then,  is  the  poiut  wlit-re  the  labours  of  geologists 
may  be  usefully  njiplied ;  and  not  in  juvmature 
attempts  to  decide  the  widest  and  abcitmsest  ques- 
tions, wliicli  the  human  mind  can  propose  to  itself. 
r  It  ban  been  stated",  that  when  the  Geological 
cdcty  of  Loudon  was  formed,  their  professed  ob- 
reD, at. civ.  P.  103. 
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ject  was  to  multiply  and  record  observations,  and 
patiently  to  await  the  result  at  some  future  time ; 
and  their  favourite  maxim  was,  it  is  added,  that 
the  time  was  not  yet  come  for  a  general  system  of 
geology.  This  was  a  wise  and  philosophical  temper, 
and  a  due  appreciation  of  their  position.  And  even 
now,  their  task  is  not  yet  finished ;  their  mission  is 
not  yet  accomplished.  They  have  still  much  to  do, 
in  the  way  of  collecting  facts ;  and  in  entering  upon 
the  exact  estimation  of  causes,  they  have  only  just 
thrown  open  the  door  of  a  vast  labyrinth,  which  it 
may  employ  many  generations  to  traverse,  but  which 
they  must  needs  explore,  before  they  can  penetrate  to 
the  oracular  chamber  of  Truth. 


I  REJOICE,  on  many  accounts,  to  find  myself  arriving 
at  the  termination  of  the  task  which  I  have  at- 
tempted. One  reason  why  I  am  glad  to  close  my 
history  is,  that  in  it  I  have  been  compelled,  espe- 
cially in  the  latter  part  of  my  labours,  to  speak  as 
a  judge  respecting  eminent  philosophers  Avhom  I 
reverence  as  my  teachers  in  those  very  sciences  on 
which  I  have  had  to  pronounce ; — if,  indeed,  even 
the  appellation  of  pupil  be  not  too  presumptuous. 
But  I  doubt  not  that  such  men  are  as  full  of  can- 
dour and  tolerance,  as  they  are  of  knowledge  and 
thought.  And  if  they  deem,  as  I  did,  that  such  a 
history  of  science  ought  to  be  attempted,  they  will 
know  that  it  was  not  only  the  historian's  privilege, 
but  his  duty,  to  estimate  the  import  and  amount  of 
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the  advances  which  he  had  to  narrate;  and  if  they 
judge,  as  I  trust  they  will,  that  tlie  attempt  has  been 
made  with  full  integrity  of  intention  and  no  want 
of  labour,  they  will  look  upon  the  inevitable  imper- 
fections of  the  execntion  of  my  work  with  indulgence 
and  hope. 

There  is  another  source  of  satisfaction  in  arriving 
at  this  point  of  my  labours.  If,  after  our  long 
wandering  through  the  region  of  physical  science, 
we  were  left  with  minds  unsatisfied  and  unraised, 
to  ask,  "  Whether  this  bo  all  ?" — our  employment 
might  well  be  deemed  Meary  and  idle.  If  it  ap- 
peared that  all  the  vast  labour  and  intense  thought 
which  has  jiassed  under  our  review  had  produced 
nothing  but  a  barren  knowledge  of  the  external 
world,  or  a  few  arts  ministering  merely  to  our  grati- 
fication ;  or  if  it  seemed  that  the  methods  of  arriving 
at  truth,  so  successfully  applied  in  these  cases,  aid 
us  not  when  vre  come  to  the'  higher  aims  and  pro- 
spects of  our  being ; — this  history  might  well  be  esti- 
mated as  no  less  melancholy  and  unprofitable  than 
those  which  narrate  the  wars  of  states  and  the  wiles 
of  statesmen.  But  such,  I  trust,  is  not  the  impression 
which  our  survey  has  tended  to  produce.  At  various 
points,  the  researches  wiiich  we  have  followed  out, 
have  offered  to  lead  us  fi'om  matter  to  mind,  from 
the  external  to  the  internal  world;  and  it  was  not 
because  the  thread  of  investigation  snapped  in  our 
hands,  but  rather  because  we  were  resolved  to 
confine  ourselves,  for  the  present,  to  the  material 
sciences,  that  «'e  did  not  proceed  onwards  to  subjects 
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of  a  closer  interest.  I  trust,  also,  that  it  will  a])pear, 
that  the  most  {lerfect  method  of  obtaining  specula- 
tive truth, — ^that  of  which  I  have  had  to  relate  the 
result, — ^is  by  no  means  confined  to  the  least  worthy 
subjects ;  but  that  the  methods  of  learning  what  is 
really  true,  though  they  must  assume  different  as- 
pects in  cases  where  a  mere  contemplation  of  exter- 
nal objects  is  concerned,  and  where  our  own  internal 
M'orhl  of  thought^  feeling,  and  will,  supplies  the 
matter  of  our  speculations,  have  yet  a  unity  and 
harmony  throughout  all  the  possible  employments 
of  our  minds.  To  be  able  to  trace  such  connexions 
as  this,  is  the  proper  sequel,  and  would  be  the  high 
reward,  of  the  labour  which  has  been  bestowed  on 
the  present  work.  And  if  a  i)ersuasion  of  the  reality 
of  such  connexions,  and  a  i)reparation  for  studying 
them,  have  been  conveyed  to  the  reader's  mind 
while  he  has  been  accompanying  me  through  our 
long  survey,  his  time  may  not  have  been  employed 
on  these  pages  in  vain.  However  vague  and 
hesitating  and  obscure  may  be  such  a  pei-suasion,  it 
belongs,  I  doubt  not,  to  the  dawning  of  a  better 
pliiloso])liy,  which  it  may  be  my  lot,  perhaps,  to 
develop  more  fully  hereafter,  if  jiennitted  by  that 
Superior  Power  to  whom  all  sound  philosophy  directs 
our  thoughts. 


THE  END. 


Loxoox :  Joux  W.  Parxbii,  St.  Maatix's  Lank. 


